
INTRODUCTION 

 

As a designer, understanding the materials you are working with becomes an important factor in 

creating a successful unique design. Once your knowledge base for structural glass expands to 

the same level as the more conventional building materials, the details can become more elegant 

and the end product can become more transparent. The use of steel and glass becomes more 

harmonious and begin to compliment each other so that the design is one holistic entity instead 

of two separate elements designed and detailed independently. This single source design respon-

sibility is very important for these unique structures. What is critical is to understand how these 

materials behave, how they can be combined, how they can be detailed, how the assembly can 

be easily installed and replaced if necessary, how the structure will behave in a post-breakage 

state, and most importantly, how to convey your design to the contractors so that it is understood 

and priced fairly without any fear factor multiplier.  The ability to do this as a design consultant 

is paramount in ensuring that the project gets built. Having one individual or company responsi-

ble for designing and detailing all the components is the best way to control the outcome of the 

design and control the costs as well. It is this design approach and philosophy that this author 

has used on past projects to ensure a successful collaboration with the design team and contrac-

tor in order to realize the dream.        

 

The following projects (some completed at a previous employer) will show the benefits of 

this design approach and highlight some of the issues that had to be overcome. It will also ex-

emplify how you can design feature elements that, as a whole, look very impressive and com-

plex, but when broken down, are really a combination of simple elements arranged in a way to 

create something unique. A feat that is only possible by truly understanding structural glass and 

how to detail the connections for the glass elements, and in many cases, by combining the tradi-

tional structural steel design with the glass design in an effort to minimize the undesirable aes-

thetics caused by accumulating tolerances and layers of support elements. 
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ABSTRACT: Building enclosures and feature interior elements have often been created using 
both steel and glass. Traditionally, steel was the major contributor to resisting static and dynam-
ic loads imposed on the framing elements. Glass was simply used as an infill material working 
locally to resist simple loads in simple configurations and support conditions. The designers, 
both architectural and structural, have been creating more refined designs where the two mate-
rials live and breathe as one assembly so that the details are cleaner and the transparency is en-
hanced. Combined with the advancements made in engineering glass as a structural material 
resisting gravity and lateral loads, the creative possibilities are essentially endless. 



GLASS STAIRCASE, Toronto, Canada 

 

Within the lobby of the Four Seasons Centre for the Performing Arts, lies a feature structural 

glass staircase. The stair is designed and detailed to span the 13.5 meters with only two support 

points approximately 8.5 meters apart. There are two such staircases laid end to end to allow 

circulation between the second and fourth floors of the lobby. The balustrades are the main 

structural element carrying the gravity loads and providing stiffness for vertical deflections. The 

glass treads and risers are used to help stabilize the structure against buckling and vibration and 

complete the U-Shaped glass structure. This project truly shows how important it is to under-

stand how to design and detail glass connections. Every component has to allow for some 

movement, some minor release so that the glass does not become locally overstressed. You are 

creating a glass structure that clear spans 8.5 meters from several small glass elements bolted 

together. The stair itself floats within the lobby space and has to accommodate differential 

movements caused by the supporting base building structure.  

 

                
 
Figure 1. Glass staircase, Toronto  
 

 

HORIZONTAL GLASS FIN FAÇADE, Toronto, Canada 

 

The main lobby for the Four Seasons Centre for the Performing Arts is extremely transparent 

and inviting to passersby. The glazing system is unique in that the structural glass fins are hori-

zontal instead of in the traditional vertical orientation. The large insulating glass units are sup-

ported on patch fittings that are connected back to the glass fins and steel columns. A steel han-

ger rod is used to take out the dead weight of the glass units and allow the horizontal fins to pro-

vide lateral restraint only. Bringing manageable sized glass elements together to create the 7.5 

and 8.4 meter long fins with creative connections help minimize the amount of structural steel 

required to allow for maximum transparency. Operable blinds on the outside of the west facing 

glass wall complete the façade and ensures the active space remains comfortable during all sea-

sons and times of the day.  

 



           
 
Figure 2. Four Seasons Centre Façade 
 

 

GLASS BRIDGE, Calgary, Canada 

 

This 14.2 meter long glass bridge at the Calgary Eatons Center has a center column support and 

is similar in nature to the glass staircase described above, except each balustrade element is a 

simple span on its own and is not connected to create a longer span element. The connections 

need to behave in a different way, as is the case with almost every unique design, but they still 

require an understanding of structural glass behaviour and micro-engineering of each steel com-

ponent. The project is expected to be completed by the end of February 2010. 

         
 
Figure 3. Glass Bridge, Calgary 
 

 

SKYLIGHT, Calgary, Alberta 

 

This barrel vault skylight at the Calgary Eatons Centre spans 26 meters and is 215 meters long. 

It crosses over two expansion joints between three buildings on three city blocks. The steel 

structure here is exposed to the elements with the insulating glass panels point fixed and hung 

below. This creates a very smooth and clean face of glass on the interior and allows for maxi-

mum air flow along its surface to help minimize condensation. The steel is simple and actually 



acts as the expansion joint between the two halves of the buildings supporting it. The local brac-

ing elements for the steel arches are staggered to minimize differential temperature effects on 

the steel and to also minimize the amount of cross bracing necessary to stabilize the skylight, 

thus maximizing its transparency. Understanding and restricting the movements of the steel was 

critical in detailing the glass fixings and glass joint size. It was important to ensure the skylight 

could live and breathe with the environmental changes without incorporating visible expansion 

joints along its length. 

 

       
 
Figure 4. Overhead View of Skylight in Construction 
 

GLASS BRIDGE, Toronto, Canada 

 

The 9 meter clear span glass bridge for the Ritz Carlton Hotel was detailed to create a load car-

rying balustrade from 3 sections of glass. A creative clamping device at the joint/splice in the 

balustrade sections allowed for a clean 9 meter span with very little exposed steel. Prior to con-

struction, the design was changed to utilize 9 meter tempered-laminated glass balustrades in one 

piece.  The order was filled by a glazing manufacturer in Switzerland at a lower cost than the 

originally detailed spliced glass balustrade shown in the image below. The glass floor beams and 

glass floor panels are detailed in a similar manner to the Calgary glass bridge which allows for a 

couple to be created at the bolt locations into the balustrade and thus offer lateral resistance to 

guard loads. The bridge will be completed in February 2010.   

 



             
 
Figure 5. Glass Bridge, Toronto     

 

 

ATRIUM ROOF, Ottawa, Canada 

 

This complex geometry resembles the shape of a crystal and is approximately 25 meters square 

in plan. It utilizes triple and double glazed units in order to eliminate the need for mechanical 

venting systems within the roofôs surface. A network of solid steel bars and light tension rods 

was used to minimize the visual distraction of the structural steel components. All the connec-

tions were detailed to be field bolted and finger jointed with countersunk custom bolts. This 

created the appearance of a fully welded structure from a distance, and kept the aesthetic intent 

intact. A glass fibre screen was hung from the roof structure to complete the architectôs vision. 

All the sprinkler pipes and heads were detailed and hidden within the screenôs structure. The 

glazing was connected on very shallow silicone drainage channels and fastened directly to the 

steel structure using hidden toggles within the glazing unit. No additional aluminum framing or 

pressure caps were necessary. Once again, understanding the movements of the structure under 

snow and wind loading conditions and the detailing of the glass support system was paramount 

in allowing the two materials to harmoniously coexist as one envelope. 

 

                
 
Figure 6. Exterior View at Night 

 

 

PRAYER HALL ROOF, Toronto, Canada 

 

This 30 meter clear span roof is actually a double skin façade. It has insulating glass units on 

both the exterior and interior skin and is fully sealed at the joints. Air and light are fed from the 

base of the roof with an escape vent at the top for summer conditions. In this particular structure, 



the exterior and interior geometry are independent. A series of steel trusses that have the top and 

bottom chords following the glass plane with a constant offset create the basis for the structure. 

Again, detailing the glass connections to the structural steel allowed us to minimize the depth of 

the enclosure and eliminate added shadow lines from aluminum extrusions. It was also challeng-

ing to create a highly transparent triple glazed system for the ñwedgeò of the prayer hall. It has a 

span of 5.5 meters at its widest point and all the connections had to be virtually invisible. The 

holistic design approach of detailing steel and glass as one assembly was imperative. 

 

 
 
Figure 7. Interior view 

 

 

TRAIN STATION ROOF, Toronto, Canada 

 

This large roof covers 16 train tracks at the main train station in Toronto. In many ways, the 

concept is quite simple, yet the constructability is complex since this must be constructed while 

the station is operational and only two tracks can be closed at any one time. It utilizes conven-

tional structural steel elements creating long span trusses supported by battered or sloping col-

umns. The entire roof is framed to support laminated glass panels on all surfaces of the box-like 

skylight. Coordinating the connection details and tolerances of the steel and glass elements al-

lowed for a very crisp look and avoided having a third element of aluminum framing that would 

add another dimension and obscurity. 

 

     
 
Figure 8. Union Station, Toronto 
 

 



GLASS CUBE, Philadelphia, USA 

 

The challenge with this structure was to create a transparent box so that the paying public could 

get unobstructed views to the historical archeological site it protected. By using the glass as the 

gravity load carrying elements with glass beams and fins, and by using the glass wall and roof 

panels as shear walls and diaphragms, we were able to eliminate the need for traditional struc-

tural steel framing elements or cross-bracing. The cube measures approximately 7.5 meters 

square and 4.2 meters high. It is designed and detailed to be constructed of short glass elements 

simply supported at every connection. This keeps the stress levels to a minimum and creates a 

very constructible structure. 

 

        
 
Figure 9. Isometric view 
 

 

THE LEDGE, Chicago, USA 

 

This recent project is the observation boxes at the 103
rd
 floor of the Willis Tower in Chicago. 

This project was quite challenging due to the wind and thermal loads it was going to be exposed 

to, and because the entire glass box had to be retractable so that it could be pulled in for the 

window washing equipment to pass by or for maintenance of the glass box itself. The intent of 

the attraction is to allow patrons to look straight down the face of the building without any ob-

structed views. Steel framing along the sides and floor was not desired. Careful detailing and 

consideration for safety was paramount. All the connections were designed for constructability, 

aesthetics, and stress relief within the glass panels.  

   

     
 
Figure 10. View from below 



 

 

CLOUD OF GLASS, Winnipeg, Canada 

 

The Canadian Museum for Human Rights building in Winnipeg is very unique in its shape and 

envelope. Working in conjunction with Gartner Steel & Glass in Wuerzburg, Germany, this 

project presents some challenging enclosure details and interesting framing configurations to 

maintain the architectôs vision. It is created by overlapping five ówingsô of glazing connected to 

the main structure of the base building. Each wing is made of a vierendeel system of girders and 

trusses to create the shape and is hung from the top and laterally supported at the bottom. Two 

movement joints are placed within each wing to allow for thermal movements so that the impact 

on the base structure is minimized. 

 

 
 
Figure 11. Exterior View 

 

 

GLASS LIVING ROOM, Claremont, USA 

 

The Kravis Center living room is a challenging project utilizing the structural glass walls on the 

interior of the building as both gravity resisting elements for the roof and lateral resisting ele-

ments for the seismic loads imposed in the California area. Working once again with Gartner 

Steel & Glass, the primary focus is on the design and detailing of the glass shear walls. With the 

entire roof supported on these shear walls, the perimeter glass becomes simple one way span-

ning insulating glass units resisting wind load only. The shear walls will be constructed of six 

layers of 12 mm tempered glass in order to allow for buckling stability and adequate post-

breakage resistance in a seismic event. 

 

  
Figure 12. Isometric Rendering 


