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Intro to Basic Materials:

GLASS, GLAZING, WINDOWS



• ‘GLASS’ BUILDINGS



• GLASS:  A ‘COMPOSITE’  MATERIAL

INGREDIENTS:

SILICA SAND  70%
SODA ASH 15%
LIME 13%
OTHERS 2%

2500 - 
2700˚F
(PLASTIC TEMP.)



• FOR WINDOWS     CROWN GLASS



• FOR WINDOWS   CYLINDER GLASS (8.-19. CENTURY)

REHEATING « RECYCLING



• FOR WINDOWS   ‘LUBBERS CYLINDER GLASS (1920)

‘DRAWN GLASS’



• FOR WINDOWS     PLATE GLASS (17.-19.  CENTURY)

‘ANNEALING
’

‘CASTING’

‘POLISHING’

‘FINE 
POLISHING’



• FOR WINDOWS     DRAWN PLATE GLASS (1920’s)

‘POLISHING MACHINE’



• THE PROCESS          FLOAT GLASS



• MODERN FABRICATION     FLOAT GLASS (SINCE 1959)



















• THE MATERIAL GLASS:  A COMPOSITE

THICKNESS: 
3/32” (2MM;‘SINGLE STRENGTH’)
1/8” (3mm;‘DOUBLE-STRENGTH’)
… MAXIMUM: 1” 
WIDTH:
MAXIMUM: CA. 10 FEET
LENGTH: < 20 FEET,
              (® TRANSPORTATION)



MATERIAL SPECIFICS FLOAT GLASS:

WEIGHT:          158 LB./CU.FT. 

COMPRESSIVE STRENGTH:    5,000 - 7,000 PSI 

TENSILE STRENGTH:         NEGLIGIBLE
 

FIRE RESISTANCE:          NON-COMBUSTIBLE

WATER RESISTANCE: GOOD

THERMAL EXPANSION COEF.: ~13  X 10-6 ˚F-1

THERMAL CONDUCTIVITY:    ~0.4 BTU/hr.ft.˚F 

SPECIFIC HEAT CAPACITY:    0.2 BTU/LB.˚F
AESTHETICS:       TRANSPARENT, REFLECTIVE, POLISHED,
          INDUSTRIAL, (…SUBJECTIVE…)

RELATIVE ECONOMICS:     …FAIRLY EXPENSIVE…

LONGEVITY:  LONG LIFE CYCLE (…IF IT DOESN’T 
BREAK…)



• DISADVANTAGES - ADVANTAGES

-  DRAWN GLASS FIBER CAN BE
 STRONGER THAN STEEL, BUT
   MICROSCOPIC IMPERFECTIONS 
   REDUCE STRENGTH, ESPECIALLY 
   IN TENSION. ®  SHATTERING
- RELATIVELY HIGH CONDUCTIVITY
- HIGH EMBODIED ENERGY

- GLASS CAN BE REUSED /
  REMOLTEN INDEFINETILY.
- MULTI-PURPOSE MATERIAL (I.E. FIBERS)

- VERY LONG LIFE CYCLE
- WATER RESISTIVE
- LAMINATION ‘REINFORCEMENT’
- COATINGS MANIPULATION 
- CAPTURES LONGWAVE RADIATION.

SHATTERED LAMINATED GLASS

FIBER GLASS



“PROFILIT”

• PRESSED/MOLDED GLASS     CHANNEL GLASS



• PRESSED/MOLDED GLASS     CHANNEL GLASS

STEVEN HOLL ARCH.:  NELSON-ATKINS MUSEUM OF ART, KANSAS CITY,  1999-2007 



RENZO PIANO ARCH.:  ‘HERMES’ DEPARTMENT STORE,  TOKYO 2001

• PRESSED/MOLDED GLASS    GLASS BLOCK



• PRESSED/MOULDED GLASS    GLASS BLOCK



• BREAKAGE          ‘STRESS DIAGRAMS’

‘UNIFORM LOAD’‘SIMPLE BENDING’‘THERMAL 
STRESS’

‘SOFT IMPACT’ ‘HARD IMPACT’ ‘BULLET IMPACT’



• MANIPULATION: ‘TEMPERED GLASS’    PROCESS



• ‘TEMPERED GLASS’ (~3x AS STRONG AS FLOAT GLASS)

- 2 STEP PROCESS:
   1) CUTTING OF ‘ANNEALED’ GLASS
   2) REHEATING / TEMPERING:
    EVEN COOLING W/ BLASTS OF
    AIR ® SURFACE IN COMPRESSION
-  15,000 PSI INSTEAD OF ~4,000 PSI
-  SHATTERING IN SQUARE-EDGED
   GRANULES INSTEAD OF SHARDS.
-  USE AS SAFETY GLASS: 
   AUTO GLASS, STOREFRONTS,
  GLASS-, SHOWERDOORS, …
-  NO ADJUSTMENTS POSSIBLE
   AFTER TEMPERING (CAREFUL!)
-  2x AS EXPENSIVE AS FLOAT GLASS





• MANIPULATION: ‘LAMINATED GLASS’      PROCESS

POLYVINYLBUTYRAL = PVB



• ‘LAMINATED GLASS’ 

- POLYVINYL BUTYRAL INTERLAYER
- POLYCARBONATE INTERLAYER
- CASTING RESINS

- USE: SKYLIGHTS, BANK TELLER 
   WINDOWS, SMALL STRUCTURAL
        MEMBERS, HORIZ. LOAD FINS …



Bohlin Cywinski Jackson Arch., Apple Stores New York City (59th Street / SoHo) 



D.Postel w/ Kraaijvanger-Urbis Arch./ABT Velpe Engineer: Footbridge Rotterdam NL 1995 



• LAMINATION: PV-ELEMENTS  POLYCRYSTALLINE CELLS



• ‘SAFETY GLASS’  FIBER-REINFORCEMENT / NANO-TECHNOLOGY



• MANIPULATION: FIRE RESISTANCE

- FIRE RATED GLASS: BARRIER TO
   PASSAGE OF SMOKE, HEAT, FLAMES
- WIRED GLASS: 45 MIN. RATED
- CERAMIC-BASED: 1/2 - 3 HRS.,…
   VERY EXPENSIVE: $100-150/S.F.,
   CA. $2,000 PER WINDOW



• ‘PHOTOTROPIC’ or‘THERMOTROPIC’ GLASS   ACTIVE



• ‘ELECTROCHROMIC’ or ‘STEREOGENIC’ GLASS  ACTIVE



• COATINGS (MANIPULATION)

- ONLINE COATING
    (PYROLYTIC COATING):
    ONE-SIDED METAL OXIDE 

SPREAD DURING FLOAT 
GLASS PRODUCTION WHILE 
GLASS IS STILL HOT.

 (VISIBLE SPECTRUM TRANSPARENT)

- SOLAR CONTROL:
    l ENHANCE REFLECTIVITY OR

l ENHANCE ‘EMISSIVITY’ 
  (13% INSTEAD OF 90%)

- EMISSIVITY: (e-VALUE)
    THE ABILITY OF A SURFACE 

TO ABSORB HEAT AND TO 
REFLECT IT. THE LOWER THE 
EMISSIVITY, THE LESS ROOM 
HEAT IS ABSORBED - THE 
MORE HEAT IS EMITTTED 
BACK INTO THE ROOM. 

C
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• MANIPULATION: COATINGS    



• MANIPULATION: THERMAL CONDUCTIVITY LAYERS

THERMAL CONDUCTIVITY:
THE ABILITY OF A MATERIAL TO   
CONDUCT HEAT.    (BTU/hrft˚F)
AIR:      0.01     
FLOAT GLASS:     0.4
WOOD:      0.1
PLASTIC:     0.2
STEEL:    26
ALUMINUM:  135

EXPRESSED AS ‘U-VALUE’ FOR 
ASSEMBLIES.     (BTU/hrft2˚F)
(… –THE LOWER THE BETTER–…)

THERMAL RESISTANCE:
THE RECIPROCAL OF THERMAL
CONDUCTIVITY.   (hrft˚F/BTU)
EXPRESSED AS ‘R-VALUE’ FOR 
ASSEMBLIES.     (hrft2˚F/BTU)
(…–THE HIGHER THE BETTER–…)



•MANIPULATION
- 3 FACTORS FOR PERFORMANCE OF WINDOW GLASS:

‘U-VALUE’ (BTU/hrft2˚F) ® THERMAL TRANSMISSION 
(… –THE LOWER THE BETTER–…)

‘SHGC’- SOLAR HEAT GAIN COEFFICIENT (%)  ® HEAT GAIN
(… –THE ? THE BETTER–…)

‘VT’- VISIBLE TRANSMITTANCE  (%)  ®  LIGHT GAIN 
(… –THE HIGHER THE BETTER– …)

‘LSG’  RATIO ® LIGHT-TO-SOLAR GAIN
(VT/SHGC)  (… –THE HIGHER THE BETTER–…)



• MANIPULATION: THERMAL CONDUCTIVITY GASES

THERMAL CONDUCTIVITY:
THE ABILITY OF A MATERIAL TO   
CONDUCT HEAT.    (BTU/hrft˚F)
AIR ‘FILM’:     0.01
ARGON:      …BETTER
VACUUM:     …BEST !

VACUUM GLASS



•  U-VALUES / R-VALUES WINDOWS

FUTURE:
VACUUM 
INSULATION
TRIPLE+ GLAZING,
COATINGS

PRESENT:
ADVANCED:
TRIPLE GLAZING
GAS FILL,COATING

U-value
BTU/ft2h˚F

 0.09

 0.13

 0.17

 0.21

 0.26

 0.31

 0.36

R-value
ft2h˚F/BTU

 11.1

   7.7

   5.9

   4.8

   3.8

   3.2

   2.8

PRESENT:
STANDARD:
DOUBLE GLAZING
GAS FILL

PAST:
INFERIOR:
SINGLE GLAZING
w/ STORM WINDOW

U-value
BTU/ft2h˚F

 0.01

 0.02

 0.04

 0.06

 0.08

 0.10

 0.13

R-value
ft2h˚F/BTU

  100

    50

    25

    17

    13

    10

      8

+  EXT. WALLS



•  U-VALUES , R-VALUES   (BTU/ft2h˚F, ft2h˚F/BTU)

R-VALUE, S.I. UNIT CONVERSION:  5.678 x m2hK/W = ft2h˚F/BTU 



•  LAYERS / ‘WEAK POINTS’



•  LAYERS / ‘WEAK POINTS’



•  LAYERS / ‘WEAK POINTS’



•  ‘LIGHT REDIRECTING GLASS’                LAYERS 
  



•  INTEGRATED SHADES GLASS    OPERABLE

FINK + JOCHER ARCH.: INNOVATION CENTER, INGOLSTADT GERMANY



•  EXTERIOR SHADING                       OPERABLE



•  FRITTED GLASS SHADING    NOT OPERABLE



• HEAT TRANSFER: RADIATION, CONDUCTION, CONVECTION

COMPROMISE CONDUCTION / CONVECTION: OPTIMUM DISTANCE 5/8” BETWEEN PANES

RADIATON… IS THE PROCESS BY 
WHICH HEAT IS TRANSFERRED 
BETWEEN OBJECTS NOT IN CON-
TACT AND NOT SHIELDED FROM 
EACH OTHER. 
CONDUCTION… IS HEAT TRANS-
FER WHICH OCCURS WHEN OB-
JECTS ARE IN DIRECT CONTACT 
WITH EACH OTHER.
CONVECTION… IS HEAT EXCHANGE 
WHICH OCCURS ONLY IN A FLUID
MEDIUM, LIKE AIR OR A LIQUID.



• EXCHANGE: TRANSMISSION, REFLECTION, ABSORPTION

‘TRANSPARENCY’:
THE PROPERTIES OF:
1) TRANSMISSION,
2) REFLECTION

[ 3) ABSORPTION ]  (SEC. GAIN) 

•U –VALUE  (CONDUCTION)
•SHGC (HEAT GAIN)
•VT -VALUE (TRANSPARENCY)
                                                                       (DAYLIGHT TRANSMISSION)



• TRANSMISSION, REFLECTION, ABSORPTION   SPECTRUM



• DOUBLE-LEAF FAÇADE PRINCIPLE        LAYERING



• DOUBLE-LEAF FAÇADE PRINCIPLE        LAYERING

WEBLER + GEISSLER ARCH.: ‘GÖTZ’ OFFICE BUILDING, WÜRZBURG   GERMANY 2004



• DOUBLE-LEAF FAÇADE PRINCIPLE        LAYERING

WEBLER + GEISSLER ARCH.: ‘GÖTZ’ OFFICE BUILDING, WÜRZBURG   GERMANY 2004



• DOUBLE-LEAF FAÇADE PRINCIPLE     PASSIVE COLLECTOR

WEBLER + GEISSLER ARCH.: ‘GÖTZ’ OFFICE BUILDING, WÜRZBURG   GERMANY 2004



• SPANDREL ‘FLAT PLATE’ COLLECTOR ACTIVE COLLECTOR



• VISUAL COMFORT + PASSIVE GAINS  MEMBRANE

- DAYLIGHT 
- GLARE/SHADING
- TEMPERATURE CONTROL 
- SUN RAYS; RADIATION; HEAT GAIN
- VENTILATION / AIR CHANGE
- TRANSPARENCY; CONTACT TO OUTSIDE
- VIEW PROTECTION FROM OUTSIDE
- …

OPERATION / FUNCTIONS:



• FAÇADE INTEGRATION

FLASHING WINDOW OPENINGS:
 

SILL: EXTENSION (6”-8”) 
 BEYOND JAMB LINES; 
 BOTH ENDS NEED AN
 ‘END DAM’.
              CHECK JAMB TO 
  FRAME DETAIL !
 

HEADER: EXTEND FLASHING 
 SO THAT WATER
 CANNOT GET BEHIND
 LINTEL: DRIP EDGE !
 
INSTALLATION W/ CONTINUOUS 
MASTIC BED, OR SELF-ADHERING;
CONTINUOUS SLOPE TO OUTSIDE
 

RULE OF THUMB: FLASHING IS
NECESSARY: OVER OPENINGS,
UNDER OPENINGS, @ ANY BASE 
OF WALL, @ ANY TOP OF WALL;
CHANGE IN PROJECTION; SHELF
ANGLES; WEEP HOLES: SAME!



• THERMAL INSULATION: LAYERING

THERM-PLUS: INFRARED IMAGE

INSULATION
LAYER



• MOUNTING A WINDOW



• FRAMES: FIXING THE GLASS



• OPERATION





• WOOD WINDOWS



• WOOD WINDOWS



• STEEL WINDOWS



• STEEL WINDOWS



• STEEL WINDOWS



• EMBODIED ENERGY



• ALUMINUM WINDOWS



• ALUMINUM WINDOWS



• ALUMINUM WINDOWS



•  HIGH PERFORMANCE WINDOWS    FRAME THICKNESS



• ALUMINUM WINDOWS: SYSTEMS



• ALUMINUM WINDOWS: SYSTEMS

REM KOOLHAS + OMA ARCH.: DUTCH EMBASSY, BERLIN  GERMANY 2004



• CURTAIN WALL SYSTEMS: ‘STICK SYSTEM’



• CURTAIN WALL SYSTEMS: ‘STICK SYSTEM’



• CURTAIN WALL SYSTEMS: ‘STICK SYSTEM’



• CURTAIN WALL SYSTEMS: ‘STICK SYSTEM’



• CURTAIN WALL SYSTEMS: ‘PANEL SYSTEM’



• CURTAIN WALL SYSTEMS: ‘PANEL SYSTEM’



• CURTAIN WALL SYSTEMS: ‘FRAMELESS SYSTEM’

“STRUCTURAL GLAZING”



• CURTAIN WALL SYSTEMS: ‘FRAMELESS SYSTEM’



• CURTAIN WALL SYSTEMS: ‘FRAMELESS SYSTEM’

BOHLIN CYWINSKI JACKSON ARCH.,  APPLE STORE NEW YORK (59th St.)   2005 



• CURTAIN WALL SYSTEMS: ‘FRAMELESS SYSTEM’

PETER ZUMTHOR ARCH.: KUNSTHAUS BREGENZ, AUSTRIA  2001 



• RECYCLING


