Glass & Glazing

Efficient

Use of Glass in Fagade & Fenestration

GLASS

For thousands of years, glass was
thought of as something to look at.
It was valued in making precious
objects for decorating purposes.
Glass really became useful when
it was thought of as something
to look through. The ancient art
is now a medium of architectural
advertisement.

Glass is  architectural. Its
transparency, masking, fabrication
ability, adaptability and

specialisation highlight its suitability
for structures. To meet the specific
construction needs, glass can be
made transparent, translucent,
opaque, diffused or stained by
mechanical or chemical means.
Processed and cured correctly, it is
sound insulating, heat absorbent,
heat reflecting, weather resistant,
non-abrasive, and incombustible.

EFFICIENT USE OF GLASS IN
FACADE AND FENESTRATION

It starts with understanding
the building requirements and
selecting the optimum basic glass
and its processing. With logical
and correct selection, glass can be
a very useful and friendly material
by providing optimum daylight,
energy efficiency, sound insulation,
comfort and wellness, while being
safe from injuries to human beings.
An incorrect selection can result in
just the opposite by being a source
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of excessive heat gain or loss,
glare, discomfort and risk of injury
from glass.

The primary function of glass is
to provide daylight and visibility
through it or the transparency and
one should not lose sight of these
primary functions. Visible Light
Transmission or VLT is the most
important parameter of glass and
higher VLT will result in higher
daylight but also a higher energy
transfer and glare. The designers
often consider that a higher VLT
means a higher transparency
and end up with wrong selection.
Transparency is dependent on the
colour rendering index, reflectivity
and illumination levels inside v/s
outside. A glass of VLT as low as
10% is also quite transparent if
viewed independently and not
in a contrast or simultaneous
comparison with a higher VLT

glass.

Other than light and energy,
the  factors like  strength,
safety, acoustics etc, should

be considered to enable us to
evaluate the processing needs of
the primary or basic glass selected
above. It will be useful to bring a
method to the selection process
which is easily understood by all
the stakeholders and steers them
to a common approach. The
National Building Codes 2016
has introduced a new section 8

of ‘Glass and Glazing’ under Part-
6 ‘Structural Design’. The code
covers almost all design aspects
of glass and glazing. It explains
various types of glasses as well
as processes and defines the
methodology of selection as well
as draws the boundaries of certain
limitations.

Identify the location of glazed
areas, their shape, size, cost etc.

1

Feedback consideration from past
projects and other related information

1

Detailed review of constraints
.
Make preliminary selection
of glazing system

4

Design requirements consideration
[Such as natural lighting (glare, fading,
privacy); thermal consideration (solar
transmission, thermal insulation, heat
absorption); wind loading; safety;
security; fire; durability; maintenance;
airfwater leakage and acoustics] Arrive
at a compatible requirement

1

" Confirm preliminary selection or perform W
required modifications before reviewing

-




Right from the initial project

evaluation stage, a suitable
methodology that incorporates
the implications of use of glass
materials and their influence
on performance of the building
shall have to be looked into. A
typical flowchart outlining such
a methodology is given in the
figure (Fig. ).
Design requirement including
aesthetic considerations and
clientspecified requirementsuch
as security and maintenance
are to be considered. Effect of
design on cost such as initial
cost of glazing (specification of
glass; glazing method; access
for initial glazing; work schedule;
protection during construction);
effect of glass material on capital/
running cost related to building
heating/cooling, lighting and
ventilation; and maintenance
cost of glazed areas (access for
cleaning and re-glazing) should
be considered as well.

CONSIDERATIONS FOR LIGHT
AND HEAT

Light: Natural light is important
for health and wellness of human
beings. Glass and glazing design
must take into consideration
introduction  of  day-lighting
into the interior space of the
building and to manage the
external and internal heat loads.
External loads include solar heat
gains through fenestration, heat
losses across the glass surfaces
and unwanted air infiltration in
the building whereas internal
loads include heat released by
the electric lighting systems,
equipment and people working
in the building space.

Proper orientation of a building
and due consideration to the
size and placement of windows
at the design stage can provide
the advantage of day-lighting.

Daylight Analysis: should be
done to find the penetration of
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Sunlight enters
through your eyes.
ad

Acting through the hypothalamus,

sunlight regulates our circadian
rhythm through complex pahtways
that include melatonin, serotonin

and body temperature.

Improving your circadian rhythm
has dramatically positive effects
on your body and mood.

natural light on the building floor
plan or at working plane level.
This can be done by studying the
building orientation, sun path
analysis, site shadow analysis and
solar exposure analysis etc. A
good lighting strategy involves
optimising the glazed area,
number of Windows, and visual
light transmission of glazing.
This reduces the dependency on
artificial lighting. Using a glass
with optimum light transmission
can go a long way in curtailing
the dependence on artificial
lighting. The presence of natural
light also rids the inmate from
the claustrophobic feeling typical
in many buildings with limited
glazing and outdoor views.

If the light transmission of glass
is high, it may also result in ‘glare’
due to exposure to direct sun,
or sun rays being reflected from
highly reflective surfaces. Analysis
helps to understand the ideal VLT
requirement for the building. Any
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glass with energy performance
will  sacrifice certain  amount
of daylight although it will be
transparent for vision through it to
the outside. Higher the demand
for energy performance, higher will
be the compromise on daylight.
The selection of glass should
therefore start from evaluating
the daylight needs and deciding
the optimum VLT. This can narrow
down the options of selecting the
glass which shall give the good
performance for the given VLT
+/- and considering the cost and
aesthetics.

Floor plate geometry plays an
important role as the daylight
distribution will depend on the
depth of the plate from the glazed
area. The farthest area from glazing
will be the dimmest and the
nearest area will be the brightest.
Courtyard plan and  atrium
plan have a great advantage of
harnessing maximum daylight
from glazed area not subjected
to direct solar radiation by using
glass of higher VLT. Glazing at
higher level will have a deeper
penetration of light across the
width of the floor plate.

Glare: Clare results from the
excessive contrast of illumination
or from an excess of illumination
in the field of view. When correctly
designed, natural lighting should
not give a glaring problem. Even
when the light transmission of the
glazingisaslowas10 percentsome
10,000 lux can still be experienced
and glare shall almost certainly
occur.

Glare can be reduced by some
form of mechanical shading, for
example, a canopy, an overhanging
floor, a balcony or a louvre system.
[t may also be possible to re-
orientate the glazing in order to
avoid entry of direct solar radiation.
Alternatively, the interior layout can
be suitably designed to eliminate
glare. Glazing products with
light transmission lower than 50
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' - - heat carrying radiation followed
Effect of Sun : Day nght by the visible and ultraviolet

: A . rays. Infrared wavelengths can
nght Transmission (LT) : be further subdivided into a)

How low can the LT of the glass be? Shortwave or near infrared which

is more penetrating and will travel
with visible light, b) Medium and
c) Far or long wave infrared which
gets absorbed by the atmosphere
=200 lo BOO Lux and warms it up. (see Fig. 4).

Analysis helps to understand
the sun impact over the elevation
and from this, the impact on the
building can be understood. This
helps to understand the peak

load values and design can be
done considering this.

Light Transmitted

The total solar energy

transmitted through the glass

We need a very small part of from the outside environment is
the total ilumination of the sun. the part of solar radiation which

is transmitted directly through
the glass and the part which is

2tn3%
percent can reduce discomfort ‘
glare. These products decrease
the sky luminance component,
but permanently reducing
the admission of daylight
Alternatively, shading devices,
movable or fixed, may be used.
External shading devices have
a great advantage as they address
the solar energy transmission
before entering into the building
to keep the heat out. The internal
shading devices will reduce glare
but will not be able to prevent
the solar energy from coming
in the building and then this

51 to 535
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energy has to be mitigated by air- AP par— ';f 1.5 microns
conditioning or ventilation. o Visible Light Medium-Infread Rays
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Heat Transfer: It is important to Infrared
under§tand the patterns of sglar — 4000 rrisrons v
radiation that affect the building. Microwaves
Direct solar incident radiation
is the energy transmitted from _ Radio Waves
the sun which lies between the . = =
wavelength range of250 and 2500 Explains the Percentage of Light & Hea't portion of the
nm. Solar radiation is typically solar energy; Band of wavelengths for different types of
made up of 3% ultraviolet light, radiations or rays.

42% visible light and 55% infrared
light. Infrared radiation is the major
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re-emitted from the glass after
being absorbed. This heat energy
which is transmitted through the
glass has to be limited in-order to
achieve thermal comfort for the
occupants and also to reduce the
energy demands of the building.
This is governed by the solar factor
or Solar Heat Gain Coefficient
(SHGCQ) of the glass.

SHGC is the ratio of solar heat
gain that passes through the
fenestration to the total incident
solar radiation that falls on it. SHGC
is expressed as a number between
O and 1. The lower the SHGC, the
more a product is blocking solar
heat gain.

The other part to be looked
at is the transfer of heat from
outside to inside environment
through the glass, due to the
temperature difference. This is
known as thermal transfer and is
represented by U-value which is
the rate of heat flow through one
square metre of glazing when
there is a temperature difference
of 1 degree C. The lower the ‘U
value, the better it is.

Coated glasses can be used as an

option for cutting down the heat
transmission through the glass
since they offer better thermal
performance. Solar control
glasses have special coatings on
them which reduce the amount
of solar radiation passing through
the glass thereby reducing the
amount of heat gain through the
glass. Due to these coatings, the
amount of light passing through
the glass would also be reduced.
Care has to be taken while
selecting these glasses so that
an optimum balance between
the light and heat transmittance
is achieved. DGU with both clear
glasses and subjected to direct
sun will result in penetration of
short wave infrared, which in
turn will heat up the interiors and
cause a heat trap or a greenhouse
effect. (see Fig. 5).

Low emissivity (low-E) coatings
have a surface emissivity of less
than 0.2. The use of such a coating
on glass improves the thermal
insulation. They are more efficient
when used on the cavity surfaces
of IGUs. Certain types of low-E
glasses such as silver-based are

X

Shortwave IR of the sun enters the room and heats

Heat Trapped
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enangy Heated up intérors amit
. Long wave Infrared

up the interiors. Heated interiors emit Longwave IR and
heat gets trapped.
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used in double glazed units only,
as the silver oxide coating will get
oxidised if used in single glazed.

Insulating Glass Units (IGU) is
a very effective way to reduce
transfer through the glazing
when used in conjunction
with solar control or low-E or
reflective coated glass. These
units combine the performance
parameters of the individual
coated glasses along with the
air gap inside the hermetically
sealed unit to provide an overall
increased reduction of heat
transfer. Increasing the width
of the air gap would further
improve the thermal insulation
of the IGUs. Use of inert gasses
like argon and krypton in the air
gap would also further improve
the level of thermal insulation
provided by the IGU.

To maintain thermal comfort
and minimise internal cooling
/ heating loads, the envelope
needs to regulate and optimize
heat transfer through roof,
walls, windows, doors and other
opening.

An integrated building
design considers the envelope,
the Heating Ventilation and
Cooling (HVAC) system and
the lighting system as a whole
rather than dealing with these
independently. Changing the
specifications of one system
can affect the performance of
the other two significantly. The
main goal of glass and glazing
design should be to provide
visual and thermal comfort to the
occupants and thereby reducing
the electricity cost for lighting
and HVAC

CONSIDERATIONS FOR
STRENGTH AND STRUCTURAL
ASPECTS AS PER NBC 2016

Loads: Like any other building
material, glass used in building
facades also must adhere to the
considerations of strength and
serviceability. In general, glass in
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building facades will be subjected
to both in-plane and out-of-plane
loading. But response is usually
dominated by the out-of-plane
wind loading. Various other loads
like dead load, imposed load
and seismic design are also to be
considered.

Thickness: Based on the type
of glass, area, aspect ratio and
support conditions, an appropriate
thickness can be selected from
the detailed tables in NBC 2016 or
can be calculated by the empirical
formulae for the same. While a
design strength factor for normal
annealed float glass is taken as 1.0,
the factor is 2.5 for tempered glass,
1.6 for heat strengthened glass,

1.5 for DGU and 0.8 for laminated
safety glass.

Deflection: Should be calculated
at the centre of the glass panel is
also to be checked for permissible
limits. In case of tempered glass,
the design thickness is mostly
limited by permissible deflections.

CONSIDERATIONS FOR HUMAN
SAFETY

Critical Locations: The selection
of the type of glass is governed by
the critical location criteria. Critical
locations are parts of a building
most likely to be subjected to
accidental human impact and
safety glass should be used in such
critical locations.
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Safety glass should also be used,

a) Where, there is danger of
falling infill glass material(s
from overhead glazing.

b) The danger of falling due to
a change in floor level.

c) In case of balustrades, stairs
and floors.

Based on study, some of the

locations in buildings that are

found to be more vulnerable to

human impact than others are

shown in the adjacent figure (Fig.

6) where necessary precaution

should be taken.

® |n and around doors,
windows

® Door side panels

® Panels mistaken fora doorway
or opening

® Panels at low levels in walls
and partitions

® Bathrooms

® Building associated  with
special activities, for example
gyms, enclosed swimming
pools, etc

® Schools and
facilities and

e Nursing homes and old age
care facilities

low

child care

Appropriate precautions should
be taken to reduce or avoid
injuries due to glass breakage by
selecting glass of suitable type,
thickness, size and quality as per
relevant Indian standards and
enhancing a person’s awareness
of presence of glass by making
glass visible (manifestation of
glass), and minimising manual
handling of large pieces of glass
during installation.

In case of external laminated
glass facades, openable portions
have to be left at regular distances
for fire-fighting and smoke
exhaust. This portion should be
of toughened (tempered) glass
and clearly indicated by suitable
visible marking.

If insulating glass unit (IGU) is
used in situations mentioned



CASE 1 CASE 2 CASE 3 CASE 4 CASE 5
Vertical Walls with Vertical Walls H,<0.75m Vertical Walls Horizontal or Sloped Glass Acting as a
Residual Protection or and H,< ESm (Human H.<0.75m and H>=1.5m Glazing Glass Balustrade/ Railing
H_=0.75 (not Likely to be Impact but no Risk of {Human Impact and (Risk of Fall) (Human Impact
Subjected to Human Impact) Fall) Risk of Fall) and Risk of Fall)
(1) (2) 3 {4) (5)
GLASS
H, <075m
’ l GLASS
H =15m SHELTER GLASS
RESIDUAL FACADE RAILING
PROTECTION H, =075m
SKEYLIGHTS
l M, <0.75m
H >15m
Typeof  Any plass” Safety glass Safety glass” Laminated safety Laminated safety glass
glass glass
Examples Residual protection is the a) Doors a) Curtain Walls a) Roof (Skylights) a) Balustrades
safeguard provided 1o b) Side panels b} Facade b) Ceilings b) Balcony
avoid the impact of human  ¢) Curtain walls c) Spandrels ¢) Bus shelters c) Bailings
being on glass. It is d) Glazed area d} High activity area d) Floors
provided on the side of the ) Doors in bathroom ¢) High risk arca ¢) Stairs
glass where there are 1) Fully framed f)  To avoid risk fi Sloped facade
chances of human impact. 2) Partially framed
It can be achicved by 3) Frameless
providing protection in the ) Facade
form of a sill structure or £2) Windows
transom, chair rail or grill h) Interanl partitions and door
work inside i) External facade and foors on
ground floor, on ground floor, H, corresponds to height of fall of human being or glass
above foor with terrace outside. in case of change in level and H, coresponds to the sill
height with reference to floor height.
1) Safety glass is not mandatory.  2) Laminated float glass is perferred.

Fig. 7: Appropriate precautions should be taken to reduce or avoid injuries due to glass breakage by selecting glass of
suitable type, thickness, size and quality as per relevant Indian standards

above, then one of the following
shall apply:

a) If IGU is installed in areas
subjected to human impact
on either side, then both the
panes of the unit shall meet
the requirements as per IS
2553 (Part) 1

b) In situations where access is
restricted to one side of the
unit, then only the accessible
side should meet the safety
requirements of this Section.

CONSIDERATIONS FOR
ACOUSTIC PERFORMANCE
Noise: Unwanted sound is

considered asnoise whenitintrudes
in our daily lives. To minimise this
intrusion all aspects of the building
construction need to be evaluated.
However, we will only analyse the
acoustic qualities of glass. The first
step in this analysis is to determine
the source of the unwanted noise.
This is a critical step, as the noise
source can vary from low frequency

traffic noise to high frequency
aircraft noise. Starting from a single
6mm glass lite with an STC of 31, we
can achieve STC ratings of as high
as 50 with different combinations
of laminated and insulated glasses.
Although the increase in absolute
numbers seems small, it results in
a big difference in performance. An
increase from 28 to 38 means 90%
of the noise is reduced. A change
from 28 to 43 represents a noise
reduction of over 95%.
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Thicker Glasses: Monolithic glass
has specific critical or coincident
frequency at which the speed of
incident sound in air matches
that of bending wave of glass. At
this critical frequency, glass will
vibrate allowing sound waves
to penetrate without significant
attenuation; the thickness of a
single-pane glass enhances the
glazing's sound insulation, for
e.g. a 4mm thick glass provides
an Rw of 29 dB, which can
increase to 35 dB for a thickness
of 12mm. However, increasing
glass thickness is generally a poor
choice for applications such as

city structures which are primarily
subjected to lower pitched
sounds. This is because increasing
glass thickness shifts the critical
frequency trough towards lower
frequencies which results in
weakened protection against low-
pitched sound.

Insulating glass with different
thickness: Contrarytothecommon
belief, DGU or insulating glass is not
effective against sound insulation.
To enhance the level of sound
insulation provided by double-
glazing, glasses with sufficiently
different thickness should be used
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so that they can minimise its
weakness when the overall unit
reaches its critical frequency. This
therefore produces a coincidence
in a broader frequency zone but
compared to symmmetrical glazing
the trough is less intense.

Laminated Glass: The poly vinyl
butyral inter-layer (0.38m m to
1.52mm) used in laminated glass
provides a dampening effect that
reduces vibration by absorbing
the sound waves hence reducing
sound transmission. Laminated
glass has superior  sound
insulation qualities in the higher
frequency range where the noise
from sources such as aircraft is a
problem.

The PVB film used in laminated
glasses have a shear damping
effect that has substantial sound
attenuation characteristics. When
the outer glass layer is exposed
to bending waves, the PVB layer
creates a shear strain within itself
and the bending of wave energy
of glass is transformed to non-
directional heat energy which
is barely noticeable. During this
phenomenon the sound waves
are absorbed by the PVB layer
and not transmitted to the
second glass layer. This results
in reduction of the amplitude of
vibration and sound transmission.
Increasing the inter-layer
thickness has marginal effect on
the performance of laminated
glass.  Acoustically enhanced
PVB's are designed to have higher
damping characteristics  that
further reduce the amplitude of
the sound waves.

Combination of Insulated
and Laminated Glass: Further
increases in  sound-reduction
performance can be achieved by
using combinations of insulated
and laminated glass. These units
offer the dual benefit of greater
mass and different frequency
resonance of insulated glasses
coupled with the damping effects



of PVB laminated glasses.
Double glazed unitwith certain
gases also provide sound
insulation characteristics.

Areas around Windows: |t
is important to note that no
matter how good the noise
insulation qualities of the
windows are, there should
be no gaps or cracks around
the window frame and these
are sealed with soft sealing
materials.

OTHER CONSIDERATIONS
Fire Safety: Fire rated glass
has to be used in doors and
partitions of fire escape route
and refuge areas. There are
three broad classifications
of fire rated glass to be
used depending upon the
estimated evacuation time
for the occupants, size of
glass and NBC Compliance
requirements:
® |Integrity (E): GClass that
stops the spread of fire and
smoke from the fire side to
the non-fire side and stays
in place for a defined time
or rating of 30, 60, 90, 120
minutes or more.
® |ntegrity and Radiation
Control (EW): In addition to
above, it also controls the
radiation to < 15KW at Tm.
® |ntegrity and Insulation (EI):
Inadditionto (E), italsogives
very high heat insulation
and limits the temperature
on non-fire side glass to 180
at any point and average of
140 max.

UV Control: UV light, though
3% of solar radiation, is
responsible for fading of
the upholstery and causes
discomfort. PVB in laminated
safety glass absorbs 99% of
the incident UV giving more
comfort and longer life to

upholstery and other interior
objects. This is of particular
importance to Hotels and
Premium Houses.

Thermal Breakage: Can
happen only in annealed
glass due to temperature
difference at the edge and
centre of glass with higher
absorption. Tempered and
Heat Strengthened glasses are
safe from Thermal Breakages.

Spontaneous Breakage:
Can happen in tempered
glass due to nickel sulphide
particle. It can happen even
after installation and even
after a gap of months to years.
Heat soaking of tempered
glass is recommended to
reduce such risks but involves
additional costs. The complete
phenomenon has been
published in WFM issue of
July-August 2015.

Conclusion: Class is a
wonderful material of the
future. Its appropriate
selection and  application
combined with understanding
the building requirements can
be a very rewarding exercise
resulting in a delightful
experience for the users of the
building.
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The orgin of breakage, caused by
Nickel sulfide inclusions
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