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Glass and Ceramics –
Civil Structures
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Plastic clay bodies are examples of silicate structures that are in the
form of :

a  aframework

(® asheet

< asimple unit
d  adouble chain.
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Glasses are clear because they:
@ have an amorphous structure

b are covalontly bonded

© are ionically bonded

contain very small particles.
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(a) Explain, with the aid of a sketch, the float process used for the production of sheet glass.

(b)

‘The revolutionary float process was developed in the 1950s and replaced
the traditional method of drawing viscous glass through vertical rollers.
Raw glassmaking ingredients are fed into a gas-fired fumace where glass is
formed at temperatures up to 1550°C. A continuous ribbon of glass is
floated over a bath of molten tin. Gravity flattens the glass which is fire-
polished as it spreads over the tin. As the glass exits this bath it is at
600°C and can be carried by rollers through another fumace, the annealing
lehr. It gradually cools and as it exits, it is cut and stacked.
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The float glass process
Because glass can be conveniently heated to various levels of viscosity
there are many ways available for shaping it. In its lowest viscous state
(molten) it can be cast in a mould. Slightly higher levels of viscosity
allow the material to be pressed, vacuum forced or extruded using dies.
Other shaping methods include blowing by air pressure, rolling, twisting,
drawing, bending and stretching. Because of its viscous properties it can
also be 'welded'.

Define the term viscosity.

Essentially, this “viscous flow” s the sliding of molecules, or groups of molecules,
___ over one another as the stress increases.
Viscous flow: a mechanism of deformation that occ:
— subjected Lo relatively small applied stresses.

Vitreous: glassy.

urs in non-crystalline materials

 Non-crystalline solids do not exhibit the long-range order characteristic of erystals,
~ nor do they possess slip planes along which plastic deformation can proceed. In
complete contrast to crystalline materials, which plastically deform by slip, glass
plastically deforms by the mechanism of viscous flow. The rate at which viscous
deformation can occur in glass depends primarily upon the magnitude of the applied
stress, but is also somewhat dependent upon composition and structure.

Under the influence of a small applied stress some of the more highly strained
bonds within the structurc of the glass are broken and the consequent atomic
rearrangements produce a smll amount of permanent strain. During these internal
structural rearrangements more bonds become strained and are consequently
broken, and thus viscous flow continucs, Stresses required to cause a certain degree
of viscous flow are less at high temperatures since many bonds become highly
strained as a result of the high temperature.
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(c)  List two (2) reasons why dried ceramic materials are hard and brittle.

(i) = There are significant size differences between the different particles so slip is mechanically
restricted.
©  lonic bonding means that similar charges will repel if forced near each other.
©  Ceramic crystals often have low symmetry reducing the number of slip planes in the
structure.
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(a) Explain how the process of toughening glass makes this material suitable for use in sliding.
doors. As glass is not strong in tension but quite strong in compression. the
‘The rapid cooling of the surface of heated glass and subsequent cooling and
contraction of the interior causes compression of the surface. This improves
the strength properties of the glass providing a higher resistance to applied
loads and impact forces. Therefore toughened glass is safer to transport and
install. Itis also less dangerous to occupants if failure occurs as it fractures into
small granules rather than large shards. o -

‘Tempered glass is four to five times as strong as anncalcd glass. It hasa
high degree of impact resistance and retains the same level of N
transparency as the original glass.

(b)  Glass is used as a component in composite materials. Itis used in conjunction with fine
steel wire in safety glass and vinyl film in laminated glass.

(i) Sketch the macrostructure of both safety glass and laminated glass showing clearly
the position of the components in each composite. Chss
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Tempered glass was chosen as the material to be used for the clear
vertical panels in this bus shelier. Laminated glass and polycarbonate
sheet were also considered.

Justify the selection of tempered glass in preference to laminated glass
and polycarbonate sheet.
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