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Glazing.

The term glazing includes, besides the glass sheets, the insulating airspace, coatings, 
insect screens, weather-str ipping, cur tains, blinds, sashes, etc.

Glass.

Benefits of using glass:

- Allows entry of natural light into building inter iors,- Allows entry of natural light into building inter iors,
- Provides views of the exter ior environment, and
- The entry of sunlight provides warmth.

Disadvantages and design constraints:

- L imits the occupant’s pr ivacy,
- Lowers the resistance to thermal transmission: heat in the summer and 

cold in the winter, and
- Higher initial and operating costs.



A brief background of glass.
Glass has been used for thousands of years (eg., Egyptians produced glass bottles around 

3,500 BC). However, the manufacture of glass commenced around the 10th century AD, 
in two basic types:

a) Crown glass, was heated and blown into a sphere, then reheated and spun on a “punty”  
(a rod). The sphere become a “disk”  which was cooled and cut into pieces, and

b)  Cylinder glass, was heated and blown into sphere, then swung like a pendulum and 
elongated into a cylinder. The ends were cut off, then split lengthwise, reheated, opened, 
flattened into rectangular sheets, and finally, cut into pieces. Neither method produced 
high quality, or “optical”  glass.



c) The third type of glass was called plate glass when introduced in the 17th century. The 
process consisted of casting the molten glass into iron or wooden frames and then spreading 
the glass into sheets by iron rollers. After the sheet cooled, each side was ground and polished. 
This process produced larger sheets of high quality optical glass. It was a costly process until 
it was mechanized.

d) During the early 20th century drawn glass replaced cylinder glass as the most commonly 
available glass for construction. In the production process, flat sheets of glass were drawn 
directly from a molten glass container and rolled between steel rollers. The process was a 
continuous production line and highly mechanized. The rolled drawn glass was then ground 
and polished into a plate of finished sheets of glass.

e) A process known as float glass was invented in 1959 in England, and produced in US since e) A process known as float glass was invented in 1959 in England, and produced in US since 
1963, wherein the molten glass was “ floated”  across a bath of molten tin. This process has 
become the worldwide standard, and produces almost all the glass consumed.



Below is a ribbon of float glass that has parallel surfaces, high optical quality and brilliant 
surface finishes.



Glass terminology: Glazing is the installation of a transparent material (usually glass) into an 
opening. A glazier is a glass installer. Lites (or lights) are individual pieces of glass.



Glass as a material.

The major ingredient of glass is common sand (silicon dioxide). The individual fibers of 
glass are stronger than steel, but less stiff (smaller Young’s modulus). In larger sheets, 
the microscopic imper fections inherent with manufactur ing process significantly reduce 
its strength, and micro-cracks propagate from these imper fections to the point of 
maximum tension. The worst characteristic of glass is that it does not warn of the 
impending break, but rather, shatters in a brittle failure. Steel, on the other hand, deflects 
considerably before breaking and thereby warns about its high stress condition.

There are two types of breakage: (1) thermal stress, and (2) mechanical stress breaks.



Common thicknesses of glass.

The range of thicknesses are, 3/32”   for single strength,  1/8”  for double strength, to 
over 1 inch thick and above.

The thickness required is determined by the size of glass lites (that is, their  span), the 
maximum design (wind) loading and the acceptable breakage rate (there is always 
some breakage expected).



Wind tunnel testing is commonly done on buildings larger than 30-stor ies. The results 
of the model refines the calculated values and may save money, especially on the 

cladding. The slide below shows a mockup for a 24 story residential building.



Tempered glass.

Tempered glass star ts as ordinary glass that is annealed by slowly cooling it under 
controlled conditions to avoid internal stresses. Ordinary glass is reheated and then the 
sur faces are cooled rapidly, whereas the core is cooled more slowly. This process induces 
permanent compressive stresses in the edges and the faces and tensile stresses in the 
core. The result is a glass that is 4 times as stronger in bending, and more resistant to 
thermal stresses and impact.

When tempered glass breaks, the sudden release of the internal stresses produces small 
square edged par ticles, as opposed to the sharp, jagged pieces of ordinary glass.

These strength and breakage character istics make tempered glass well suited for 
exter ior doors, floor to ceiling sheets of glass, all-glass doors, glass walls (for example, 
for handball cour ts), basketball backboards, etc.

The disadvantage of tempered glass is that it is more costly and the process may cause 
noticeable distor tions on the sur face. Cutting and holes that must be dr illed should be 
done pr ior to temper ing of the glass.



Tempered glass.



Heat-strengthened glass.

Heat-strengthened glass is a common substitute for tempered glass because it is less 
expensive. However, it has a lower strength and less desirable breakage 
character istics. The manufactur ing process is similar, but with lower induced stresses.

Laminated glass.

Laminated glass is a sandwich that has the core made 
of a transparent soft inter-layer of polyvinyl butryral 

glass layers

of a transparent soft inter-layer of polyvinyl butryral 
(PVB) between the layers of glass (could be multiple 
layers). These layers are bonded under heat and 
pressure. The PVB can be clear, colored or patterned 
to improve its resistance to the transmission of sound.

Upon breakage the PVB holds the pieces of glass 
together. Laminated glass is used for skylights 
(overhead glazing), to reduce noise (hospitals, 
classrooms, etc.) and as secur ity glass (typically has 
multiple layers).

PVB layer



Laminated glass skylight at the Bellagio Hotel, Las Vegas.



Hurr icane glass is laminated and tempered to resist the impact of a 2”  x 4”  missile test.



Fire rated glass.
Fire rated glass is usually required for fire rated doors and windows and wall 
assemblies. There are several glass types:

- 1) Specially tempered glass (rated for 20 minutes of fire);
- 2) Wired glass (mesh of wire in glass, rated for 45 minutes of fire).
- 3) Optical quality ceramics (provide from 20 minutes to 3 hours).





Spandrel glass.

Spandrel glass has the inter ior face (on 
the inside of a building) applied with a 
ceramic based paint with pigmented 
glass par ticles (called “ frits” ). The  
application is done when the glass is 
reheated and tempered, to form the 
ceramic coating.

This choice of glass is usually done to This choice of glass is usually done to 
conceal what is inside the structure, and 
thus serves as a cur tain-wall.



Spandrel glass as viewed from the inside.



The same spandrel glass viewed from the outside.



Clear glass

Spandrel glass



Tinted and reflective glass.

Glass is tinted or a reflective coating is applied to glass in order to reduce glare from 
sunlight, reduce the solar heat gain and for aesthetical reasons.

Clear float glass:

Sunlight

85% +/- of the
sunlight enters

the building
Reflected sunlight

Absorbed and reradiated as heat

Outside Inside



Tinted glass:
The results of tinting are: 
1) Lower cooling costs, and
2) Less “ sunlight”  glare for people.

ReradiatedReradiated

Outside Inside



The process of tinting glass is through the chemical elements added to the molten 
glass. 

The most common colors available are grays, bronzes, blues, greens, gold, etc.



Light blue tinted glass.



Compare these tinted claddings with 
the next slide’s clear glass…





Lightly tinted glass



Reflective glass.

In reflective glass thin films of metal or metal 
oxide are fused on to the sur face of the glass 
(see diagram). This film can be placed on 
either face, but is mostly placed on the inside 
face.

Reflective glass serves several purposes,

- Reflect sunlight away from the building;

glass

- Reflect sunlight away from the building;
- Reduce the solar heat gain;
- Produce a colored mir ror effect; 
- Aesthetics.

reflective
film



Reflective GlassReflective Glass



Reflective glass





Shading coefficient.

The shading coefficient is defined as “ the ratio of the total solar heat gain through a 
par ticular glass compared to the heat gain through a double-strength clear glass.”

For tinted glass the coefficient ranges:  0.5 to 0.8
For reflective glass the coefficient ranges: 0.3 to 0.7

Visible transmittance.

The visible transmittance measures the transparency of glass to visible light (rather 
than solar heat gain), and it ranges:than solar heat gain), and it ranges:
For clear glass:                               0.9
For tinted and reflective glass:     less than 0.9

Glazing luminous efficacy (Ke).

The glazing luminous efficiency Ke is the ratio of the visible transmittance to the 
shading coefficient. A high Ke means a high amount of solar heat blocked while a
considerable amount of sunlight is allowed to enter. Typical of green and blue glass.
A low Ke means that there are similar amounts of solar heat and sunlight blocked; 
used for darker inter ior (less light). Typical of bronze, gold and gray colors.



Glass and its thermal transmission.

The disadvantage of glass is its higher initial and operating costs and reduced 
comfor t for people close to them.

A single pane of glass          1”  of polystyrene                   A well-insulated wall

Thermal transmission

1/5 of glass                           1/20 of glass 



Insulating glass.

Insulating glass is made up of two or more sheets of 
glass separated by an air  space. When it is double 
glazing it has two (2) sheets of glass, whereas tr iple 
glazing has three (3), although not common. 

The pr imary purpose of the additional sheets of glass 
is to improve the insulating value and reduce the 
thermal transmission. Two (2) sheets cuts heat loss in 
half. Insulating glass has an increased initial cost but 
it reduces operating costs, increases comfor t and it reduces operating costs, increases comfor t and 
provides additional architectural options.

The spacer (or spline) separates the glasses; it is often 
metallic, and the air  space between them is filled with 
dry air  or an iner t gas (such as Argon).

The sealant “ seals”  the unit to prevent air  escaping 
and keep the moisture from penetrating into the unit. 
The glass can be clear, reflective and/or tinted.

Glass

Air space

Spacer

Sealant



Insulated tinted glass



Insulated tinted glass



Low-Emissivity (Low-E) glass.

Low-E glass improves the thermal per formance of the glass. I t 
uses an ultra-thin, transparent, metallic coating, generally 
placed on the #2 or #3 position shown at r ight for insulating 
glass or at the #4 position for laminated glass. 

This glass reflects selected wavelengths of light and heat 
radiation, and allows the entry of most shor t-wave (sunlight) 
light. Low-E glass reflects most longer-wave infrared 
radiation from objects and humans inside the building. The 

4321

inside

result is reduced heating and cooling load, and increased 
comfor t.



Thermal performance data obtained from PPG glass.

Add
Argon

6% Improvement

13% Improvement

Clear, insulated, aluminum spacer, air  filled

Add Low-E glass

Add “ special”  spacer

33% Improvement

6% Improvement



Glass with changing properties.

-Thermochromic glass (gets darker when warmed by the sun);

-Photochromic (gets darker when exposed to bright light);

-Electrochromic (changes its transparency with an electrical current);

-Photovoltaic (generates electricity from sunlight);

-Self-cleaning glass (proprietary product with a coating of titanium oxide that -Self-cleaning glass (proprietary product with a coating of titanium oxide that 
serves as a catalyst that allows sunlight to turn organic dirt into carbon dioxide 
and water); 

- Plastic glazing sheet (made from an acrylic and polycarbonates, although more 
expensive, is has much higher coefficients of thermal expansion.



Glazing  - Small Lights.

Small lights usually have lower stresses from wind loading and from thermal 
expansion and contraction.

Glazier ’s points and putty, or wood stops, or snap-in glazing beads and synthetic rubber gaskets.



Glazing - large lites.

The greater spans of the large lites mean larger wind 
loads and greater stresses from thermal expansions 
and contractions. In addition, minor ir regular ities in 
the frame can induce additional stresses.

The larger frames must effectively suppor t the 
weight of the glass without inducing abnormal 
stresses, and car ry the loads from wind pressure 
(both positive and negative), isolate the glass from the 
suppor ting frame and the building’s structure, and suppor ting frame and the building’s structure, and 
allow for the independent expansion and contraction 
of the glass and its components and suppor ts.

The glass suppor t and isolation from the frame 
consist of (1) the setting blocks, made of synthetic 
rubber, two at the bottom edge and at quar ter points 
along the sides and one at the top. There are also, (2) 
center ing shims, also made of synthetic rubber, 
placed at the center lite to isolate the lite from the 
frame.



Bite

The mullion suppor ts the glass and car r ies the wind pressure from the glass to the structure. 
The “ bite”  must be controlled: too little and the glass will pop out;

too much and the glass will not be able  to deflect (and therefore cracks).



The gaskets seal the glass and are the first line of defense
against moisture. They also isolate the glass from 

abrasion, allow for thermal expansion and contraction
and provides movement as the structure moves.



Mullions being anchored to the structure



Insulated glass

Glass being installed

Gaskets



Retainer (compression) str ips installed



Finished installation (snap on covers are 
applied over the retainer str ips)



Lock-str ip gasket



Structural silicone flush glazing.

The mullions are on
the “ inside”  of the

glass. They adhere to 
the glass with a 

silicone sealant or a 
retainer.



Structural silicone flush glazing



Structural silicone flush glazing



Butt-joint glazing.

The heads and sills 
with conventional 
frames.

The ver tical mullions 
are eliminated.

The ver tical joints are 
caulked.



Butt-joint glazing.





Truss-like mullions are used to suppor t wind loading on a tall entrance.



Weep holes for the drainage of the 
condensation moisture inside the 
glazing system.



Mullion colors



Suspended glazing system

Glass suppor t and anchorage
Tempered and laminated glass



A structural glazing 
system as seen from the 
inside.



The same structural 
glazing system seen 
from the outside 
(exter ior view).



A glass mullion system
for tempered glass.



In summary, the methods used to compensate for glass’s poor thermal proper ties are:

- Double and tr iple glazing,
- Low E coatings,
- Low conductivity gas fillings,
- Tinting and reflective coatings,
- Cur tains and shutters (inter ior and exter ior ),
- Sizing of window and their or ientation on the building, and
- Shading and overhangs.

Building Codes.

Codes concerned with:
- The structural adequacy to suppor t wind and impact loads; 
- Providing natural light in habitable rooms may require a cer tain glass area as a   
percentage (%) of the floor area;
- Safety concerns with breakage of skylights, overhead glazing, “ clear ”  sheets of 
glass that could be mistaken for an opening; use of laminated, tempered, etc.;
- Prevention of fire, maximum glazed area, wire glass;
- Energy consumption may require double glazing, storm windows, limit the 
maximum percentage (%)  of glazed area.


