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Silicon Dioxide (most 
common in the form 
of quartz sand)

Solid material mix (see above) Molten glass Glass - an amorphous non-crystalline solid

Heat to above melting 
point (~2000o C. for 
pure silica, lower for 
commercial mixes)

Controlled 
cooling freezes 

material without 
crystallizing it

Standard Industrial Glass:
— Silicon Dioxide (SiO2): 70-75%
— Soda (Na2O): 12-16%
— Lime (CaO): 10-15%

Non-crystalline tetrahedral 
lattice of SiO4 molecules with 
shared vertices (abstraction—
glass structure is far less regular)

G L A S S = S A N D + H E A T
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HAND-BLOWN
CONTAINERS

CROWN METHOD PLATE GLASS FLOAT GLASS

— Gathered onto a pipe 
from the kiln
— Blown into (the material’s 
heat expands the air into the 
glass)
— Shaped with wet 
newspaper, wooden paddles, 
and metal tongs
— Annealed (controlled 
cooling) to prevent internal stress 
(i.e. cracking)

— Gathered onto a pipe 
from the kiln
— Blown into a large sphere 
whose tip is then opened
— Spun on the pipe; 
centrifugal force creates a round 
plate which is cut
— Creates a bullseye where 
the glass was connected to the 
pipe
— Produces uneven sheets; 
historic glass is not viscous

— Poured onto a metal table
— Rolled to an even thickness
— Sometimes extruded 
between two water-cooled 
rollers.
— Ground and polished to 
remove cast imperfections from 
the table surface
— Pressed or engraved 
patterns often used to hide 
irregularities

— Poured onto a bath of 
molten tin
— Liquid tin surface 
has extremely few 
imperfections
— Some tin ends up 
mixed in with downward-
facing surface
—Can create significantly 
larger sheets than historical 
methods



A P P L I C A T I O N S

STRENGTH
Because it is an amorphous material, the tensile and compressive 
strength of glass should be the same. In theory, the structure of glass’ 
molecular bonds should give it tensile and compressive strength of 
21000 N/mm2, which would make it significantly stronger than steel 
of comparable thickness. In practice, glass fails at tensile stress levels 
of less than 100 N/mm2, due to surface imperfections that create 
weak points, concentrating the stress and produce  cracks. The strength 
of glass is highly variable, with up to a threefold difference even 
among sheets of the same batch.

WEATHERING
Apart from its brittleness, glass is a highly durable material —original 
crown glass panes can be found intact in churches built in the 13th 
century. Microabrasions due to windblown particulates can weaken 
glass panes, and it can be mildly corroded by both acid and alkaline 
solutions.
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THERMAL EXPANSION
When glass is heated uneven-
ly, the expansion of the heated 
area can put tensile stress on 
cooler areas, causing fracture.

In general, the physical and chemical properties of pure vitreous silica (aka 
“fused quartz” or “vitreous quartz”) are significantly more impressive than 
those of ordinary glass. The materials used to reduce the melting point of 
quartz (coke, lime, etc.) also make it significantly weaker, less optically 
pure, and more susceptible to thermal stress. Vitreous silica’s high melting 
point makes it expensive to manufacture, so it is reserved primarily for high-
end scientific and industrical applications.



A P P L I C A T I O N S

EMBODIED ENERGY
The embodied energy of a material (MJ/kg) is  
a measure of the total primary energy required by 
the material over its life cycle, including: extraction, 
manufacturing, and transportation (“cradle-to-gate”), 
and sometimes including transportation to building 
site, maintenance, and recylcing or disposal 
(“cradle-to-grave”)

The most significant contributors of the embodied 
energy of glass are the extraction of silica sand 
and the intense, sustained heat required by the 
manufacturing process.

RECYCLING
In principle, glass is a highly recyclable 
material, since it can simply be melted down 
for reuse. However, since the reuse of glass 
requires melting it down and re-processing it 
from scratch, negligible embodied energy is 
recovered in the recycling process.

Recycling can still be a desirable strategy in 
contexts where material scarcity or expense is 
a limiting factor (such as small glassblowing 
workshops), or if the extraction of raw silica 
(e.g. from beaches) contributes to habitat loss or 
other environmental damage.

THERMAL PERFORMANCE
Glass is an extremely efficient conductor of 
heat; R values for single-glazed windows can 
be as low as 0.18. Double and triple glazing 
(using air or another transparent insulator 
between the panes) and low-e coatings are the 
prevailing strategies to mitigate heat loss.

GLASS 15.0

BRICK 3.00

CONCRETE 0.95

PLASTICS 80.5

STEEL 24.4

STONE 1.00

TIMBER 8.50
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