
engineered transparency. International Conference at glasstec, Düsseldorf, Germany 

25 and 26 October 2012 

 

 

 1 

Performance Based Engineering Design of Complex 

Geometry Facade Systems and Components 

Trevor Stephen LEWIS*, PhD PE FRSA, Senior Engineer, Philip SKELLORN*, Senior 

Structural Project Designer 

 

* Buro Happold Consulting Engineers Inc. 

9601 Jefferson Blvd., Ste. B, Culver City, CA 90232, USA 

Stephen.Lewis@BuroHappold.com 

Abstract 

A critical component of complex facades’ design and engineering is computational analysis.  

The subsequent assessment of the performance of structural facades with complex geometry 

during large scale seismic movements is presented.  

Traditional hand based methods to determine deflection requirements are difficult if not 

impossible to apply in such structures.  The load and stiffness paths are extremely complex.  

Deflection requirements are especially crucial in seismic areas where the primary structure 

experiences significant lateral movements. In addition, the glass component design in these 

situations adds an additional level of complexity to the design process.  

Using two case studies as examples, the paper illustrates how computational analysis can be 

used to accurately inform the deflection performance requirements.  In these cases studies, 

Strength based design is not the dominant design criteria in the facade.  The results of the 

performance based design are used to inform the subsequent detailing of the glass and glazing 

structural system’ secondary structural elements supporting the facade as well as local joint 

connection detailing, 
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1 Introduction 

The primary performance criteria for façade systems are strength and deflection. Deflection 

is considered here. The two main ways of designing for deflections of a façade system are a) 

design for façade deformation as the façade “goes along for the ride” with a building b) isolate 

the façade system from the building movement. The difficulty with the first approach is that 

it is hard to quantify and estimate without a suitable analytical approach. The problem with 

the second is that it tends to overestimate the movements and leads to a conservative over-

engineered design. Furthermore where we have a complex geometry type envelope, an 
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envelope whose geometry is non-developable and requires rationalization for construction, 

approach b) is not appropriate or possible.  

This paper presents two examples where an interoperable work flow using various digital 

tools has been used to quantify and design two façade systems for deflection performance 

where the envelope is of a complex geometry and where the deformation of the primary 

structure, not in the scope of the façade engineer, has been accounted for in the façade design 

considering the facade “goes along for the ride” in a seismic event.  

2 Structural Components of a Façade System 

Structural element terminology of a façade system: 

1. Cladding Element: Thin shell element satisfying aesthetic requirements of texture, 

finish, transparency. Performance requirements of thermal, solar, water-proofing 

and visibility 

2. Tertiary Element: localized elements used to provide edge finish, provide 

additional stiffness, provide load resolution, local support and water proofing to 

Cladding Element. 

3. Secondary Element: provide additional support and reinforcement as required to 

Tertiary Elements where spans are too large due to the remote location of Primary 

Elements, or because of rationalization issues where large areas of the envelope 

must be discretized to smaller areas to overcome construction and fabrication issues.  

4. Primary Element: an element of the main load bearing system of a building used 

to resolve vertical and lateral loads to the foundation system below. Main types are 

columns/beams/slabs. Secondary Elements of a façade always resolve their loads to 

the Primary Elements. 

A façade system may be composed of a combination of these elements. The design scope of 

the façade engineer concerns elements 1 through 3. 

The stiffness, and hence deformation of the primary structure is difficult if not impossible to 

predict accurately in a structure that is complex using common  rule of thumb  procedures 

and prescriptive code limits for allowable deformations. Furthermore, because the scope of 

the facade engineer ends at the primary structure, it is not always appropriate or possible for 

the façade engineer to generate a combined primary and façade system analytical model.  
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3 Façade System Design Using Specified Primary Structural Element 

Deformations  

3.1 Structural Narrative 

A “toroidal” grid shell structure composed of ETFE cushion foils for the roof element, and 

two bespoke façade system types for the side walls and end walls (Figure 1). The North end 

wall façade system is covered here (Figure 2). The glazed wall is of a maximum height 120 

ft and has an arc profile on plan where the span of the arc is of length 180 ft. The structure is 

in a seismically active zone 

 

 

Figure 1: Physical Digital Model; Primary Structure 

and Envelope 

 

 

Figure 2: Physical Digital Model; North End Wall 

3.2 North End Wall Façade Narrative 

Figure 3 describes the analytical model used to assess the strength performance of the façade 

system. The façade system is composed of: 

1. Cladding: Glass, 9ft by 4 ft, two sided supported on long edge; single layer PVB 

laminated heat strengthened glass. 

2. Tertiary: Vertical wet seal, horizontal aluminum capture sill (“muntin”). Stainless 

steel “brackets” to attach the muntin to secondary transoms. 

3. Secondary: Horizontal cut steel plate “armatures”. Horizontal structural steel 

rectangular hollow sections (“Transoms”) supported laterally by the “armatures” 

and vertical support by stainless steel cables (“hangers”) 

4. Primary: “Cantilevering columns” of built-up steel plate attached to a primary 

circular “arch”. Horizontal steel bracing elements (“Primary Transoms”) of 

rectangular section. The secondary armatures are connected at the primary 

cantilevering columns. The hangers are connected at the top to the arch.  
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Figure 3: Structural Components of the Façade System 

3.3 Workflow for Deformation Performance Based Analysis  

The engineer of record (EOR) for the primary structure is responsible for the strength and 

deflection performance of the primary structure using their own analytical tools. The un-

deflected analytical three dimensional geometry of the primary structure was provided by the 

EOR.  In addition the data for the global deflections of every point on the primary structure 

for over one hundred load cases was also provided. We, as the Façade engineer, need to 

understand the relative movement of the façade from the initial installed reference geometry. 

To accomplish this, the original un-deformed reference plane locating points ABCD was 

translated to the new origin point A` in the new deformed geometry A`B`C`D` and distortions 

measured in three local directions for every load case and every node of the primary structure 

(see below for Error! Reference source not found. and Error! Reference source not 

found.) 

1. +-∆H – an in-plane horizontal deformation change measured with respect to the 

local x direction orientation of the original un-deformed reference plane translated 

to the new origin A` 

2. +-∆V –an in-plane vertical deformation change measured with respect to the local 

y direction orientation of the original un-deformed reference plane translated to the 

new origin A` 

Primary: Arch 

Secondary: Hangar 

Cable 
Secondary:  Transom 

Tertiary: Muntin 

Primary: Cantilever 

Column 

Cladding: Glass 

Secondary:  Armature 
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3. +-∆N –an out of plane deformation change measured normal to the local xy plane 

of the original un-deformed reference plane translated to the new origin A`  

 

Figure 4: Local Deformation Notation 

 

Figure 6 describes the automated work process to link the EOR analysis model and data 

(Pre-Processing) with the vector geometry used to generate the deformed geometry, local 

geometry and geometry measurement (Calculation) and post-process the data both for 

visualization and documentation (Post-Processing). Grasshopper was used as the central 

hub for automation (Figure 6-a)).  (Grasshopper is a digital tool linked to Rhino that allows 

parametric and algorithmic work-flows for automated tasks to be defined graphically by the 

user on a canvas, without the user needing to be familiar with a programming language).  

Figure 6-b) describes Pre-Processing of the global deformation data from the EOR 

Analytical Model for Primary Structure.  Figure 6-c) Pre-Processing task of  identifying and 

naming the glazing cladding areas for co-ordination. Figure 6-d) Automated Post-Proce 
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Figure 5: Digital Representation of Deformed Geometry 

ssing task of documenting the local glazing deformations for each load case for every panel. 

Figure 6-e)  Post-Processing task for the visual presentation of the local glazing 

deformation; an automated “bubble plot” of the peak deflections for every deformation 

case. A “bubble plot” relates the magnitude of the deformation at a point to a sphere of a 

radius that is normalized to the largest magnitude of deflection found in the envelope of a 

given load case.  Every sphere is given a unique RGB color based on the actual deformation 

graded against the smallest and largest magnitude occurring in a given load case. Being 

able to quickly visualize a mass of numeric data values via a bubble plot is a quick means 

of “data mining” which allows the façade engineer to quickly and accurately identify “hot 

spot” zones on the digital model where the structure is soft. (The human eye and brain 

understand and process color/size/spatial location data far quicker than a list of numbers on 

a spread-sheet). 
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Figure 6: Automated Work-Flow for Deformation Study 

 

An envelope of the load cases produced in Figure 6-d) was used to determine the maximum 

localized in-plane horizontal (Figure 7) and vertical (Figure 8) deformation needed in the 

tertiary component spacing, the vertical wet seal spacing, and the maximum “warpage” the 

glass has to accommodate and requiring warranty from the glass supplier. 

 

 

Figure 7: Horizontal Clearance 

 

Figure 8: Vertical 

Clearance 

4 Façade System Design By Applying Pre-Scribed Deformations 

b) 
c) 

e) 
d) 

a) 
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4.1 Structural Narrative 

The primary structure consists of a rectangular steel frame with concrete slab floor 

diaphragms (Figure 9). Around the side walls of the primary structure is a double layer 

glazing façade system that is point supported from secondary “hockey” stick structural steel 

members that are laterally and gravity supported by the intermediate floor slab, and laterally 

also restrained at a roof level steel beam (Figure 10). Secondary vertical stainless steel rods 

provide gravity support to the glazing together. Secondary horizontal transoms resolve lateral 

loading at intermediate points between the hockey sticks. Tertiary members consist of 

stainless steel spider fittings that provide lateral support to the glazing as well as gravity 

(Figure 11). The glazing is hung at each top two corners  

 

 

Figure 9: Primary Structure and Facade System (BIM Model) 

 

Figure 10: Façade System (Analytical) 

4.2 Workflow for Deformation Performance Based Analysis  

The project was fast scale and the primary structure had not yet been designed by the EOR. 

The massing of the building and geometry was defined. The concern here was that the façade 

was very sensitive to deflections, as the project was located in a seismic zone, and we did not 

know what the deformation performance of the primary structure was. 

It was possible to define what the anticipated performance criteria for the deflection of the 

primary structure had to be in a seismic event from prescriptive building design codes. The 

criteria gave us pre-scribed deflections to apply to the analytical model to assess its 

performance under seismic (Figure 12 and Figure 13). To accurately model the deformations, 

the granularity of the analytical model was very high, spider fittings were modeled (Figure 

14) with the correct translational releases, and a dense finite element mesh was used for each 

panel. The movements informed the design of the spider connection detail (Figure 15 and 

Figure 16) 
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Figure 11: Analytical Model for Façade System  

 

Figure 12: Seismic Movement 

(Exaggerated) 

 

 

Figure 13: Seismic Movement and Stress (1:1)  

Figure 14: Spider Detail Figure 15: Joint Movement 

 

 

Figure 16: Detailing For Movement 

Secondary: Transom 

Secondary: Hangar 

Rod 

Tertiary: Spider 

Secondary: Hockey 

Stick 

Cladding: Glass 
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