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Glazino.

Theterm glazing includes, besides the glass sheets, the insulating air space, coatings,
Insect screens, weather-stripping, curtains, blinds, sashes, etc.

Glass.

Benefits of using glass:

- Allowsentry of natural light into building interiors,
- Provides views of the exterior environment, and
- The entry of sunlight provides warmth.

Disadvantages and design constraints:

- Limitsthe occupant’s privacy,

- Lowerstheresistance to thermal transmission: heat in the summer and
cold in the winter, and

- Higher initial and oper ating 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”
(arod). 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 20" 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 asfloat 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 isaribbon of float glass that has parallel surfaces, high optical quality and brilliant
surface finishes.




Glassterminology: Glazing isthe installation of atransparent material (usually glass) into an
opening. A glazier isaglassinstaller. Lites (or lights) are individual pieces of glass.




Glass as a material.

Themajor ingredient of glassis common sand (silicon dioxide). Theindividual fibers of
glass are stronger than steel, but less stiff (smaller Young's modulus). In larger sheets,
the microscopic imperfectionsinherent with manufacturing process significantly reduce
its strength, and micro-cracks propagate from these imperfectionsto the point of
maximum tension. The worst characteristic of glassisthat it does not warn of the
Impending break, but rather, shattersin a brittle failure. Steel, on the other hand, deflects
consider ably before breaking and thereby warns about its high stress condition.

Therearetwo typesof breakage: (1) thermal stress, and (2) mechanical stress breaks.



Common thicknesses of glass.

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

Thethicknessrequired isdetermined by the size of glasslites (that is, their span), the
maximum design (wind) loading and the acceptable breakage rate (thereisalways
some breakage expected).



Wind tunnel testing iscommonly done on buildings larger than 30-stories. Theresults
of the model refinesthe calculated values and may save money, especially on the
cladding. The dide below shows a mockup for a 24 story residential building.



Tempered glass.

Tempered glass startsas ordinary glassthat isannealed by dowly cooling it under
controlled conditionsto avoid internal stresses. Ordinary glassisreheated and then the
surfaces are cooled rapidly, whereas the coreis cooled more slowly. This processinduces
per manent compressive stressesin the edges and the faces and tensile stressesin the
core. Theresult isa glassthat is4 timesas stronger in bending, and more resistant to
thermal stresses and impact.

When tempered glass breaks, the sudden release of the inter nal stresses produces small
square edged particles, asopposed to the sharp, jagged pieces of ordinary glass.

These strength and breakage char acteristics make tempered glass well suited for
exterior doors, floor to ceiling sheets of glass, all-glass door s, glass walls (for example,
for handball courts), basketball backboards, etc.

The disadvantage of tempered glassisthat it ismore costly and the process may cause
noticeable distortions on the surface. Cutting and holesthat must be drilled should be
done prior to tempering of the glass.



Tempered glass.



H eat-strengthened glass.

Heat-strengthened glassisa common substitute for tempered glass becauseit isless
expensive. However, it hasalower strength and less desirable breakage
characteristics. The manufacturing processis similar, but with lower induced stresses.

L aminated glass.

glasslayers
L aminated glassis a sandwich that hasthe core made
of atransparent soft inter-layer of polyvinyl butryral
(PVB) between the layersof glass (could be multiple
layers). These layersare bonded under heat and
pressure. The PVB can be clear, colored or patterned PVEB layer

toimproveitsresistance to the transmission of sound.

Upon breakage the PVB holds the pieces of glass
together. Laminated glassisused for skylights
(over head glazing), to reduce noise (hospitals,
classrooms, etc.) and as security glass (typically has
multiple layers).




L aminated glass skylight at the Bellagio Hotel, L as Vegas.



Hurricaneglassislaminated and tempered to resist the impact of a2’ x 4’ missiletest.



Firerated glass.
Firerated glassisusually required for firerated doorsand windows and wall
assemblies. There are several glasstypes.
- 1) Specially tempered glass (rated for 20 minutes of fire);
- 2) Wired glass (mesh of wirein glass, rated for 45 minutes of fire).
- 3) Optical quality ceramics (provide from 20 minutesto 3 hours).







Spandrel glass.

Spandrel glass hastheinterior face (on
theinside of a building) applied with a
ceramic based paint with pigmented
glass particles(called “frits’). The
application isdone when the glassis
reheated and tempered, to form the
cer amic coating.

This choice of glassisusually doneto
conceal what isinside the structure, and
thus serves as a curtain-wall.






The same spandrel glass viewed from the outside.






Tinted and reflective glass.

Glassistinted or areflective coating isapplied to glassin order to reduce glarefrom
sunlight, reduce the solar heat gain and for aesthetical reasons.

Clear float glass:

Sunlight
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Tinted glass:

Theresults of tinting are:
1) Lower cooling costs, and
2) Less*sunlight” glarefor people.

Outside Inside



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

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



Light bluetinted glass.



Comparethesetinted claddings with
the next dide'sclear glass...






Lightly tinted glass



Reflective glass.

I n reflective glass thin films of metal or metal
oxide are fused on to the surface of the glass
(see diagram). Thisfilm can be placed on
either face, but ismostly placed on theinside
face.

Reflective glass serves several purposes, -

- Reflect sunlight away from the building;
- Reduce the solar heat gain;

- Produce a colored mirror effect;

- Aesthetics.




Reflective Glass









Shading coefficient.

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

For tinted glassthe coefficient ranges: 0.5t00.8
For reflective glassthe coefficient ranges. 0.3t0 0.7

Visible transmittance.

Thevisible transmittance measuresthe transparency of glassto visiblelight (rather
than solar heat gain), and it ranges.

For clear glass. 0.9

For tinted and reflectiveglass. lessthan 0.9

Glazing luminous efficacy (K_e)_.

Theglazing luminous efficiency K, istheratio of the visible transmittance to the
shading coefficient. A high K, means a high amount of solar heat blocked whilea
consider able amount of sunlight isallowed to enter. Typical of green and blue glass.
A low K, meansthat there are similar amounts of solar heat and sunlight blocked;
used for darker interior (lesslight). Typical of bronze, gold and gray colors.



Glass and its thermal transmission.

The disadvantage of glassisits higher initial and oper ating costs and reduced
comfort for people closeto them.

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

v

Thermal transmission

A

1/5 of glass 1/20 of glass



| nsulating glass.

| nsulating glassis made up of two or mor e sheets of
glass separated by an air space. When it isdouble
glazing it hastwo (2) sheetsof glass, whereastriple
glazing hasthree (3), although not common.

Theprimary purpose of the additional sheets of glass
iIsto improvetheinsulating value and reduce the
thermal transmission. Two (2) sheets cutsheat lossin
half. Insulating glass has an increased initial cost but
it reduces oper ating costs, increases comfort and
provides additional architectural options.

The spacer (or spline) separatesthe glasses; it is often
metallic, and the air space between them isfilled with
dry air or an inert gas (such asArgon).

Thesealant “ 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.

Air space

Glass |

Spacer

EIN-










L ow-Emissivity (Low-E) glass.

Low-E glassimprovesthe thermal performance of the glass. It
uses an ultra-thin, transparent, metallic coating, generally
placed on the #2 or #3 position shown at right for insulating
glassor at the #4 position for laminated glass.

This glass reflects selected wavelengths of light and heat
radiation, and allowsthe entry of most short-wave (sunlight)
light. L ow-E glassreflects most longer-waveinfrared
radiation from objects and humansinside the building. The
result isreduced heating and cooling load, and increased
comfort.

1 2 3 4

inside



Thermal performance data obtained from PPG glass.

13% I mprovement

Argon
0
Add " pecial” Spacx 6% | mprovement
Add Low-E glass 33% I mprovement

/Clear, insulated, aluminum spacer, air fiIIed\




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
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.

Thegreater spansof thelarge lites mean larger wind
loads and greater stresses from thermal expansions
and contractions. In addition, minor irregularitiesin
the frame can induce additional stresses.

Thelarger frames must effectively support the
weight of the glass without inducing abnor mal
stresses, and carry the loads from wind pressure
(both positive and negative), isolate the glass from the
supporting frame and the building’s structure, and
allow for the independent expansion and contraction
of the glass and its components and supports.

The glass support and isolation from the frame
consist of (1) the setting blocks, made of synthetic
rubber, two at the bottom edge and at quarter points
along the sidesand one at thetop. Thereare also, (2)
centering shims, also made of synthetic rubber,
placed at the center liteto isolatethelite from the
frame.



Bite

The mullion supportsthe glass and carriesthe wind pressure from the glassto the structure.
The“bite” must be controlled: too little and the glass will pop out;
too much and the glasswill not be able to deflect (and therefore cracks).




The gaskets seal the glassand arethefirst line of defense
against moisture. They also isolate the glass from
abrasion, allow for thermal expansion and contraction

and provides movement asthe structure moves.







I nsulated glass






Finished installation (snap on coversare

applied over theretainer strips)




L ock-strip gasket



Structural silicone flush glazina.

Themullionsareon
the“insde” of the
glass. They adhereto
theglasswith a
silicone sealant or a
retainer.









Butt-joint glazing.

The heads and sills
with conventional
frames.

Thevertical mullions
are eliminated.

Thevertical jointsare
caulked.



Butt-joint glazing.






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



Weep holesfor the drainage of the
condensation moistureinsidethe
glazing system.




Mullion colors



Suspended glazing system

_ Glass support and anchorage
Tempered and laminated glass



A structural glazing
system as seen from the
inside.



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



A glass mullion system
for tempered glass.



In summary, the methods used to compensate for glass's poor thermal propertiesare:

- Double and triple glazing,

- Low E coatings,

- Low conductivity gasfillings,

- Tinting and reflective coatings,

- Curtains and shutters (interior and exterior),

- Sizing of window and their orientation on the building, and
- Shading and over hangs.

Building Codes.

Codes concer ned with:
- The structural adequacy to support wind and impact loads;
- Providing natural light in habitable rooms may require a certain glassareaasa
percentage (%) of the floor areg;
- Safety concernswith breakage of skylights, overhead glazing, “ clear” sheets of
glassthat 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.



