
The Distinctive Properties of Glass

Presentation by: Honorary Prof.  Mark B. Luther

Presenter Notes
Presentation Notes
This lesson is provided for the student to obtain an understanding about large voluminous spaces and how they might be conditioned.  It is based on real actual measurements taken in an atrium and from actual measurements taken on double glass units used as skylights on some atriums.



What is GLASS ?



Properties of Glass:

Density (kg/m3):        2500-2800

Thermal Coefficient 
of Expansion (ppm/°K):           9

Young’s Modulus (Gpa):        72

Heat Capacity (J/kg°K):       0.84

Thermal Conductivity :        1.05
(W/m°K)

Properties of Concrete:

Density (kg/m3):        2240-2400

Thermal Coefficient 
of Expansion (ppm/°K):         5.5

Young’s Modulus (Gpa):    30-50

Heat Capacity (J/kg°K):       0.75

Thermal Conductivity :     1.0-1.5
(W/m°K)

Glass Properties  



Applications



Louvers

Applications

Atrium Canopy

Shaded Glass Roof

Presenter Notes
Presentation Notes
As a result of the previous findings it is concluded that glass temperatures are the key cause to atrium
stratification and possible overheating.
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Insulating Glass  Units  (IGU)



Solar Spectrum, Visible & Longwave Infrared Radiation



Double Glazing  LOW-E  Placement
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Modes of Heat Transfer through Glass
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Presenter Notes
Presentation Notes
As previously taught in the Cooling Load calculations, there a several thermal processes occurring in the
glass (glazing) system:   
  Direct transmittance
  Absorbed heat transfer providing radiation and convection
  Conduction through ambient and interior air temperature difference   



Angle of Incidence

Point -A

Point- B

Note:  If the surface geometry is complex – the same incident angle
          may yield different results !



The Law of Reciprocity

τ + α  + ρ = 1.0

Transmittance – Absorption - Reflection and Angle of Incidence

τ

ρ 

Presenter Notes
Presentation Notes
It is important to note that the percentage of transmittance, reflectance and absorption ALL TOGETHER
add up to one.  This is the formula of reciprocity.  Various angles of incidence of the source (solar energy) will
Transmit, reflect and absorb differently….according to the angle of incidence.

 



Skyvault 
Representation
for  Diffuse Solar
Distribution

Diffuse Solar – Sky vault  Representation

Presenter Notes
Presentation Notes
Ideally we would like to consider the radiation from various portions of the sky.  Researchers have
determined algorithms of variable sky radiation from clouds and horizon scattering.  Such a model
Would mean that there are multiple ‘solar sources’ onto a glazing system from the sky.
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Double Glazing  Design Considerations

Presenter Notes
Presentation Notes
Shown here is the solar radiation absorbed within the glass.  Again, this radiation absorption is dependent upon the angle
Of incidence from the source.  



Clear  Laminated  Glass

Heat  Absorbing Glass

Transmitted  Visible  
Solar

Low - E
Surface
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Total  Solar
Visible  Light

A Skylight Glazing System  -  Design

Presenter Notes
Presentation Notes
Finally, a very complex calculation system would allow for to determine the amount of radiation absorbed between layers
of glass as well as determine what was transmitted and reflected.

Shown here is an example of a double glazed unit with heat absorbing glass to the exterior.  This layer will prevent excessive
solar radiation from getting into the building.  The Low-E coating on the inside surface will prevent a heat exchange with other
cooler surfaces within the building.   This glazing system could work well on skylights in hot climates.




WWR vs. Visible Transmittance

ref: Lawrence Berkeley National Laboratory, USA



Visible  Transparency & Light Colour



A very useful index of the daylighting potential of a
glazing is the luminous efficacy (Ke ), 

Ke = Tv / SHGC

Tv   =  visible transmittance 
SHGC = solar heat gain coefficient

NOTE:  The greater this ratio the better; higher values indicate
the glazing is better at transmitting light than heat.  
Ke values exceeding 1.2 are possible and recommended.

Ref.: Dr. Peter Lyons, PROPERTIES AND RATING SYSTEMS FOR GLAZINGS, WINDOWS AND       
SKYLIGHTS (INCLUDING ATRIA), RAIA – Environmental Design Guides, PRO 32,  2004 

Luminous  Efficacy:   Ke



A  Sunroom  Skylight  Retrofit

Visible Light:  81%   U-value: 1.4  SHGC: 0.61 Visible Light:  64%   U-value: 1.3  SHGC: 0.27

Ke = 1.33 Ke = 2.37



A  Sunroom  Skylight  Retrofit



Designing for Light

ref: Lawrence Berkeley National Laboratory, USA



Designing for Light

Walter Gropius – Arbeitsamt



EXAMPLE

Reducing Glazing System Heat Gain 
for a Large Open Office Space



The Research Problem



Option:  External Shaded Glazing 

Mounted test case sample on East facing Facade

Solar   Pyranometer

Incident  Radiation



Original  Condition Screened  Condition

Heat Transfer through Glazing Systems
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Visibility through the Glazing System



Edge Seal Technology

Van Den Bergh, S., Hart, R., Jelle, B.P. and Gustavsen, A., 2013. Window spacers and edge seals in insulating 
glass units: A state-of-the-art review and future perspectives. Energy and Buildings, 58, pp.263-280.



Edge Seal Technology & In-situ  Retrofitting



Triple Glazing  Options

Clear Glass w/ Low-E    

U-value:  1.36
SHGC:    0.19 

Grey Glass w/ Low-E    

U-value:   1.41
SHGC:     0.14



Installation of the new IG Unit – Triple Glazing



Solar   Pyranometer

Temperature
&  Humidity

Instrumentation:  
Façade  Comfort  Meter
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Weather & Solar 
Instrumentation

Measurement
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Thermal Comfort of the Shaded Glass
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Thermal Comfort of Triple Grey & Low-E



Measured Interior Radiant Asymmetry





Acoustic Transmission Loss  of  Glazing  Systems



Presenter Notes
Presentation Notes
As a result of the previous findings it is concluded that glass temperatures are the key cause to atrium
stratification and possible overheating.
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