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Presenter
Presentation Notes
JN I am J Neary, Façade Specialist with HOK architects and engineers

EG and I am Elliot Glassman, a high performance building specialist with WSP Built Ecology-- an interdisciplinary team of mechanical engineers, architects, building physics analysts and sustainability consultants--. 2
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Presenter
Presentation Notes
JN  We are presenting the Circadian Curtain Wall project the HOK Facades Group did with WSP Built Ecology for the Metals In Construction ideas competition to design a façade system that contributes to Wellness of office building occupants. (first page of comp entry) 3




Presenter
Presentation Notes

JN Our team of five architects, two structural engineers and two sustainability experts created the scheme over the course of a few months last winter: we have had help in doing some further development since the competition from Apoorv Goyal, Sustainability Specialist at HOK, Victoria Ereskina, Facade designer at HOK. (page from MIC)  4
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Curtain walls go circadian

Catering to our natural circadian rhythm is a task
designers are taking to heart.
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HOK’s Circadian Curtain Wall concept employs
curved, bubbled glass to maximize daylight,
minimize solar heat gain, and provide external
shading. Courtesy HOK

N ew research by interior landscaping firm Ambius
(bit.ly/2MPpiy3) found that the typical office worker spends less
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Presenter
Presentation Notes
JN The scheme has received some attention on social media, and regular media, seeming to resonate with interest in sustainable design ideas that address aesthetic concerns as well as performance. 5
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Wellness

Connections between:

* Mind and Body

e Emotional and Intellectual

* Functional and Formal

e (Quantitative and Qualitative
e Environmental and

Integrated Design

Connections between:

e Form and Performance

* Aesthetic and Technical aspects
of Architecture

e Form and Spatial Order

e Elimination of unnecessary

architectural: __ material
* Thermal, texture, air, water, |/ | e Following natural principles of
light, sound. | structure

* |nterior and exterior

Through our proposal, we are advocating integration of aesthetic, experience-related objectives and the technical,
performance-related objectives in design.
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Presenter
Presentation Notes
 JN In this presentation we will discuss the design principles we are advocating in this speculative project, namely the integration of the aesthetic, experience-related objectives and the technical, performance-related objectives. ��We think this exercise is appropriate for the Performance Network, even though it is not the usual toolkit or software for simulation and analysis of building performance, because it is a distillation of a general concern for the interrelation of aesthetic and technical aspects of design that are cast in clear relief by the subject  of Wellness. 
�Wellness involves the connection between body and mind and environment, the spectrum of design concerns covering the psychological, emotional and aesthetic-- signified by the qualities of openness, of light and view, of sculptural or biomorphic form-- as well as the functional regarding temperature, air, water, light and sound—all aspects of how the human body relates through the senses to the environment around it (Leonardo sketch) 6


Organic Design

Connections between:

e Architecture and Nature

e Building and Human Scale

e Themes that define early
modernist work from Sullivan
and Wright to the Bauhaus and
Mies.

e The shading and articulation of
the floor plate design resulted in
a biomorphic lobed geometry
that resembles an organic form.
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Presenter
Presentation Notes
The essence of the Wellness theme is connection between architecture and Nature-- a theme that defined the “Organic Architecture” of the early modern movement when reconciling the new industrial technology of steel and glass with human needs for light and air and personal scale drove the work of the most influential designers, from Sullivan  and Wright to the Bauhaus and Mies. Literal-- Sullivan-- and abstract-- Mies--  approaches to reflecting natural principles of design characterise that pre- 1960’s modernism that we believe warrant revisiting. 7
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Structural eXt
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erior Enclosure * Mega-panel steel frame with diagonal bracing contributes
2017 Metals In Construction Competition- wind-stiffness to the primary structure.
Reimagine Structure * Mullions are minimized by bracing glazing against diagonals
Finalist e Embodied CO2 is reduced in frame and cladding

CURRENT

Fagade Tectonics Institute CIRCADIAN CURTAIN WALL



Presenter
Presentation Notes
JN This problem required us to articulate some principles we usually follow implicitly. Primarily these are integration of conceptual formal design and conceptual technical or performance design, and elimination of excess material, to minimize embodied energy.  At HOK we have explored this theme in a series of research projects on structural enclosures. (Structural eXterior Enclosure)  8
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Structural eXterior Enclosure  Mega-panel steel frame with diagonal bracing contributes
2017 Metals In Construction Competition- wind-stiffness to the primary structure.

Reimagine Structure e Mullions are minimized by bracing glazing against diagonals
Finalist e Embodied CO2 is reduced in frame and cladding.
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Presenter
Presentation Notes
Some of the thinking in those exercises led to our proposal for the Circadian Curtain Wall, which I will describe more later. (Structural eXterior Enclosure) 9
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Advocacy of integrating aesthetic/experiential and
performance/technical aspects of design throughout the

process.
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Presenter
Presentation Notes
JN The Circadian Curtain Wall study is, in a nutshell,  an illustrative application of integrating the aesthetic and the technical in design.  (Sketches) 10


= CIRCADIAN CURTAIN WALL

ON MAGAZINE

IALLENGE

2018 Design Brief

The Metals in Construction magazine 2018 Design Challenge is a competition to generate
ideas for a facade system that can play a major role in enhancing employee health and
well-being. This ideas competition is based on the philosophy that the 21st century facade
needs to be adaptive and responsive to human needs, especially in the workplace. With
researchers probing beyond workplace aesthetics to examine holistic factors, we are
learning that air and water quality, thermal control, and especially visual access to

outdoor environments can directly improve employee well-being.
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Presenter
Presentation Notes
JN  Wellness, specifically for office workers,  was the focus of the competition brief that we produced this proposal for. The essence of wellness is the balance of healthy body and mind, the physical and the spiritual or intellectual. These represent the dual aspects of design of the technical, quantitative-- such as energy consumption and air quality--  and the qualitative, or aesthetic-- that include not just appearance but the character of views and lighting and thermal conditions. (Metals In Construction text) 11
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Circadian Rhythm
The cycle/circle of Life
e The 2017 Nobel Prize in Medicine was awarded for
research into the science of Circadian Rhythm.
® A critical subject for defining how buildings relate to
environment.

“Life on Earth is adapted to the rotation of
our planet. For many years we have
known that living organisms, including
humans, have an internal biological clock
that helps them anticipate and adapt to the
regular rhythm of the day”

source: www.nobelprize.org

CURRENT
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Presenter
Presentation Notes
The brief emphasized the importance, cited in research studies, of connecting inhabitants of buildings with the outdoors, and of the impact of natural light on our circadian rhythms. �The winners of last year’s Nobel Prize in Medicine were honored for research on circadian rhythm, and how our internal clocks govern all aspects of human life. It is an important subject for sustainable design. (Circadian Diagram) 12


“Research shows that to a large extent employee well-
being is a result of connecting the occupants of spaces
within a building with the world outside.”
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Presenter
Presentation Notes
JN The Circadian Curtain Wall concept gets its name from the attempt we made to model the exterior envelope of the office building to allow for maximum unshaded vision glass, thereby maximizing the visual connection of occupants to the outside—and  nature-- the river, the landscape, the horizon—and also maximizing natural daylight, with curved lites of glass creating circles of space on the perimeter of the tower. (Big Bay) 13
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Symbol of Time
The symbol, the essence, of the circadian, daily cycle is the arc

of the sun across the sky-- the yin-and-yang of day followed by
night.
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Presenter
Presentation Notes
JN The symbol, the essence, of the circadian, daily, cycle is the arc of the sun across the sky-- the yin-and-yang of day followed by night. The analog of this, the symbol of time, is the face of the clock, and the circular revolution of the hands. (Tower & Sun) 14
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Presenter
Presentation Notes
JN It occurred to us  that by using the cylindrical lites of glass, oriented radially to face the arc of the sun, we could create bay windows that could have some unshaded glass allowing indirect natural light inside, and views, at all times, while automated shades could protect the glass oriented directly toward the sun. (Rendered Bay) 15


Circadian Rhythm

The fine-grain fluting of the Circadian facade produces a
constantly changing pattern of light and shade.

The conventional rectangular building’s facades are either in
direct sun or in shade, essentially. The building is visually static
from the outside.
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Presenter
Presentation Notes
JN Each of the lobed bays receiving direct sun will have some shade at all times. (dawn to dusk) 16
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Circadian Rhythm

The fine-grain fluting of the Circadian facade produces a
constantly changing pattern of light and shade.

The conventional rectangular building’s facades are either in
direct sun or in shade, essentially. The building is visually static
from the outside.
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Presenter
Presentation Notes
EG A conventional rectangular building will have broad stretches of facades which are either totally exposed to direct sun or are facing away from the sun at any given time, creating a big difference between the solar loads in different parts of the building. The curvature of the Circadian building massing combined with the smaller curvatures of the lobes mean that the facade has a finer mix of solar conditions that change more gradually around the circumference of the tower. Some parts of a lobe may be exposed to direct sun, but the other side of the same curvature is facing away from the sun. The lobes of the Circadian form self-shade to provide some shade on each bay  (Two towers) 17


Aug 21 Average Irradiance: 255 W/m? Solar 500 Aug 21 Average Irradiance: 234 W/m? Solar 500
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Presenter
Presentation Notes
EG Radiance modeling illustrates this; even taking into account the transparency of the glass facade, the total solar irradiation falling on a facade at any given time is less than on the rectangular building. This can reduce the peak cooling load, especially when you consider that the solar radiation is more distributed rather than being concentrated in zones facing the same orientation. (Radiance images) Our annual simulations show an annual reduction in solar radiation as well. 18
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Presenter
Presentation Notes
JN The rounded, ovoid building plan idea, and the circle-based façade module evoke the traditional bay window creating a  wide-angle field of vision connecting the inside to the outside. (Reliance Building, Interior View rendering) 19
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“Life on Earth is adapted to the rotation

Circadian, latin circa + dies day
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Circadian Tower floor plate is ovoid with 153" x 212"
limiting dimensions. Surface area is almost 290k sf.
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» Gurved bay windows are self-shading, creating shadow

« At any moment, the box is 50% self-shaded, but faces
receiving direct sun require complete shading to control
solar gain and glare.
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CIRCADIAN CURTAIN WALL

and relief on the building surface. At any moment, the
tower is approximately 75% self-shaded. In each bay
some glass may be unshaded to allow view and natural
light without heat gain and glare.



Presenter
Presentation Notes
EG The windows on the flat tower on any given face must have all the shades down to protect from glare and heat gain, while within each bay of the Circadian tower some shades will be down and some can be up to keep connection with natural light and view. (Interior sketches) 20
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Presenter
Presentation Notes
JN The resemblance in plan to the lobes of a leaf or petals of a flower creates a biomorphic quality that reinforces the connection to the outdoors, and the background idea of biophilia. Every workstation and the communal gathering spaces have views across a typical floor for occupants to orient themselves and have a rich variety of views to the outside and to the atrium spaces at each end of the building-- which bring the outside in. (Typical plan, leaf) 21
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Presenter
Presentation Notes
JN We considered the ornamental quality of the flutes created by the bays, resembling a classical column, or a pleated curtain—the flare at the bottom of the tower is to suggest a presence of moving air, a quality of life, a movable or changeable integument of enclosure. This seems a modern way of incorporating the spirit of traditional animating ornament. (Tower and L Sullivan medallion) 22
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Presenter
Presentation Notes
JN The constant raising and lowering of the shades as the sun moves across the sky would create an animated effect something like  the moving of the stained glass colors across the north wall of the nave of a Gothic church as the sun projects through the stained glass windows on the South façade. (Closeup of shading model image, interior sketch, and st denis interior) 23
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Presenter
Presentation Notes
JN The Circadian Curtain Wall amplifies the effects of orientation built into the curved tower form both by creating local lobular bay windows that relate in scale to individual work stations, and clustering them in bays that relate to work groups of approximately 15 to 30 people, and by incorporating automated shades that block direct sun. (Exterior Sketch) 24


The energy required to operate the shades is much less than can be
saved by reducing heat load from sun and from artificial lighting
required when shades are down.
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Presenter
Presentation Notes
EG In our Circadian concept the façade is a double skin with automatic shading protected in an enclosed cavity. This is a concept that has been developed in Europe over a number of years and is starting to appear in the US. The energy required to operate the shades is much less than can be saved by reducing heat load from sun and from artificial lighting required when shades are down. (Interior sketch; Closed Cavity sketches) 25


The closed cavity protects the automatic shades from dirt
and breezes. The supply and return of heated air has
practical challenges which explain the absence of this
feature in closed cavity systems currently in use, but these
seem solvable with development.

e
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Presenter
Presentation Notes
The closed cavity protects shades from dirt and drafts in the similar systems currently in use on an increasing number of projects. Our interest in using the cavity as a heat source and a thermal flywheel or chimney has challenges but seems feasible with development. (Closed cavity sketches). 26
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Presenter
Presentation Notes
JN We did a research study at HOK  last year involving curved glass that could span floor-to-floor without a mullion for support, saving a considerable amount of embodied energy by getting rid of aluminum. This concept was the seed of the Circadian bay window. (Structural skin, structural and  non-structural bays) 27


REDUCED EMBODIED ENERGY

Ultimately, Wellness depends on the health and ecology

of our environment, and the experiential features of the
Circadian facade must be governed by concern for material
economy and minimizing embodied energy.

T S O |

« The conventional curtain wall is made up of 5’ wide x
floor-height aluminum frames with glass infill, Mullions
take wind load to the floors, requiring appr. 5 psf of ’J
aluminum.

ARSI

ructural analysis of 50 psf windload on conventional 5' x
« The Circadian Curtain Wall curved glass acts as a 15" units shows mullions are required to take wind load in
beam spanning floor-to-floor, leaving the unit frame as a order to limit deflection to acceptable maximum.
chassis for weather seals, connections to the mechanical |
systems and firesafing. This tower has a surface area : I
of approximately 300K sf. If aluminum is cut in half by
use of the curved glass it saves almost 400 tons of
aluminum. This is a significant amount of embodied CO2
equivalent.
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« Structural savings is offset by the curved glass and
shading controls and mechanical couplings for the i . ) -
filtered air. But these, combined with the self-shading ~ *  Structural analysis of 50 psf windload on 10" x 15" curved

form of the building generated by the bay-window, lites in Circadian Curtain Wall units shows no mullions are

effectively eliminate solar gain through the facade, and necessary for structural purposes if glass is connected by

allow indirect light which reduces heat load and energy structural silicone. Aluminum frames are included to provide

use for artificial lighting throughout the day. housing for automated shades, and chassis for anchors and
gaskets,

» Reduced carbon footprint and connection between the .
building occupant and the circadian rhythms of shades \ I
and lights synced to the time of day all contribute to z
occupant well-being.

Curved glass acts as a beam, allowing fewer, thinner
mullions & savings of 400 tons of aluminum in the tower

skin. -

= Structural analysis of 50 psf windload on 5" x 15 .
The curved bay windows are self-shading, allowing some curved lites in Circadian Curtain Wall units shows no
shades to be up at all times on most bays and reducing mullions are necessary for structural purposes if glass
reliance on artificial light. is connected by structural silicone. The smaller glass is

more economical, but there are more joints and seals.
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Presenter
Presentation Notes
JN Ultimately Wellness depends upon the health and ecology of our environment, and the Circadian concept manifests a concern for minimizing material to reduce embodied carbon and environmental impact. 

The Circadian Curtain Wall minimizes the use of aluminum, a high-embodied-energy material ubiquitous in standard unitized curtain wall systems, by exploiting the curvature of the Insulated Glazing Units to resist wind loads rather than relying on the aluminum beam of the mullion framing. Single 10’ wide by 15’ high igus with laminated 9/16” lites,  and split, 5’x15’ lites were checked for wind, both work structurally. (Structural models of glass) 28


EMBODIED ENERGY/ TROMBE WALL HEAT RECYCLING

-

Err

Structural analysis of 50 psf windload on conventional 5' x : Structural analysis of 50 psf windload on 10’ x 15' curved + Structural analysis of 50 psf windload on 5' x 15’
15" units shows mullions are required to take wind load in lites in Circadian Curtain Wall units shows no mullions are curved lites in Circadian Curtain Wall units shows no
order to limit deflection to acceptable maximum. necessary for structural purposes if glass is connected by mullions are necessary for structural purposes if glass

structural silicone. Aluminum frames are included to provide
housing for automated shades, and chassis for anchors and
gaskets.

is connected by structural silicone. The smaller glass is
more economical, but there are more joints and seals.

The elimination of 50% of the aluminum, offset by the addition of one layer of glass for the laminated lites, adds up to a
savings, for approximately 300K sf of skin, of 3,645 tons of embodied CO,.
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Presenter
Presentation Notes
JN The conventional baseline curtain wall is made up of 5’-wide x floor-height aluminum frames with IGU infill. Mullions take windload to floors, requiring about 5psf of aluminum.

The 10’x15’ curved glazing units have aluminum frames to incorporate seals and attachment to the floors, and to provide housing for the shades, but the weight of the aluminum is less per linear foot than the structural mullion, and ⅓ of the mullions are eliminated, with just a structural silicone joint at the arris of the bay lites if we use the narrower glass.
Economics of fabrication and transportation and installation would depend on 
tradeoffs between size and number of lites. 
The elimination of 50% of the aluminum, offset by the addition of one layer of 
glass for the laminated lites, adds up to a savings, for approximately 300K sf of
skin, of 3.645 tons of embodied CO2.
(Structural models- closeups) 29


)

Embodied CO,

Saving 3, 600 tons of embodied CO, equals:

the output of burning 1260 tons of coal, enough to heat about 300 homes
for a year

Taking 760 cars off the road for a year
The amount of CO, that 17,490 trees absorb in a year

A given square-foot of average exterior then saves approximately 3 pounds
of aluminum and costs 3 pounds of glass. On a per-ton basis, Glass costs .9
tons of CO, equivalent compared to 9 tons for Aluminum.

With approximately 300K sf of skin, this tower then could save appr. 3500
tons of embodied energy in CO, equivalent compared to the base case
building.

(300K x 3 x 9= 8,100,000 lbs CO saved, minus 300K x 3 x .9 = 810,000 Ibs CO added, ttl= 7,290,000
Ibs CO, saved (3,645 tons embodied CO,). Source- ICE Database, U. of Bath.
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Presenter
Presentation Notes
JN The enclosed cavity incorporates 50% more glass than a conventional single IGU-- though a laminated lite is not uncommon generally-- but the enclosed cavity panel could save approximately 50% of the aluminum required for the same surface area of conventional curtain wall. A given square-foot of average exterior then saves approximately 3 pounds of aluminum and costs  3 pounds of glass. 
On a per-ton basis, Glass costs .9 tons of CO2 equivalent compared to 9 tons for Aluminum. With approximately 300K sf of skin, this tower then could save XX tons of embodied energy in CO2 equivalent (300K x 3 x 9= 8,100,000 lbs CO saved, minus 300K x 3 x .9 = 810,000 lbs CO added, ttl= 7,290,000 lbs CO2 saved (3,645 tons embodied CO2). Source- ICE Database, U. of Bath. (Enclosed cavity sketches, CO2 numbers) 30
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Presenter
Presentation Notes
JN The design process for the Circadian Curtain Wall was short, but represented a simultaneous series of iterative studies of both overall form and details. (Early  tower sketches) 31





CIRCADIAN CURTAIN WALL

PLAN & SECTION

The 3-lobe cluster defines a space scaled to the most
effective group size for creative collaboration. Almost every
point on the floor can see the two atria, providing polar
orientation.

The MNorth and South Atria bring the outside inward.
The Atria provide gardens connecting te the roof, with
rejuvenating plants, fresh air and water features.
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Presenter
Presentation Notes
EG Our concept for incorporating the typical façade bay into a tower includes atria marking the North and South poles of the building which would be semi-conditioned spaces with active ventilation creating chimneys to pull fresh air from vents at the perimeter through the floors. They complement the bay windows that project the interior outward by bringing the outside into the building. (Tower Section and Plan) 32
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Presenter
Presentation Notes
JN Atrium spaces act as the lungs of the building, pulling fresh air from vents along the perimeter. We spent some time considering the nature of different boundary typologies in looking at the articulation of the surface of the tower, whether it should have screens or openings. As an office building and with maximum view the driving criteria we decided the geometry created activity enough. (Sketches) 33
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Presenter
Presentation Notes
EG The physical connection between in and out is at the atria, where the air is pre-conditioned by the passive solar gains or semi-conditioning depending on the season. Plantings within the atriums  act as the first layer of air filtration. The system will save on energy used for conditioning and filtration (Atrium sketch) 34

JN The atria are rendered differently to reflect the exposures. Ideally, the bay windows, especially the shading geometry, would vary by orientation as well. The whole idea is that the building is responsive to the sun and the site, connecting inside to outside—to nature.   (Atrium sketch) 34


ANALYSIS

Daylight
Analysis
(RELIEE)

Dynamic Shade
Operation

Energy Analysis
(Energy+)
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Presenter
Presentation Notes
EG To prove out the concept, WSP Built Ecology created an integrated energy and daylighting model of a typical floor  to analyse the benefits of the design.  Studying the energy and daylight together in one model gave a more refined picture of how the building geometry influenced the operation of the automatic shades in preserving daylight, minimizing need for artificial lighting and its attendant heat-loads, during the day. (Model and Diagram) 35
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Presenter
Presentation Notes
EG At the same time, the thermal simulation accounted for the potential heat removal from the perimeter before it gets inside by circulating air through the cavity protecting the automated shades is also factored in.  (Rendered Bay) 36
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Presenter
Presentation Notes
JN These ideas build on the model of the Trombe wall made popular in solar architecture during the 1970’s. Except in this case, the air is not being directly introduced to the space (Trombe wall diagram) 37
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Presenter
Presentation Notes
EG We created a similar combined daylight and energy model for a conventional rectilinear building of the same floor area to use as our baseline reference. This would allow us to incorporate the effect of the unconventional geometry on the difference on energy and daylight performance,  38
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Presenter
Presentation Notes
EG All the modelling was done in Grasshopper, using plug-ins to perform the daylight and energy analysis such as DIVA and Honeybee. A little bit of post-processing within Grasshopper was used to account for some of the advanced performance features that were not easily modelled natively with the plug-ins such as reuse of the heat captured within the closed cavity. (Logos) 39
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Presenter
Presentation Notes
EG Wanted to model the dynamic operation of the facade to validate the idea of daylight preservation and quantify energy impacts. We used Grasshopper to generate a unique annual shade schedule for each of the independently operated shades based on the sun position. For a typical floor, this meant 122 different hourly profiles. The operation of the shades was based on sun position and had three states: completely open, down and horizontal, and down and angled downwards. (Single floor base case) 40
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Presenter
Presentation Notes
EG All the shading schedules were incorporated into an annual DIVA daylight simulation to  incorporate the effect of the dynamic shading on daylight performance. (Animation) 41
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Presenter
Presentation Notes
EG All the shading schedules were incorporated into an annual DIVA daylight simulation to  incorporate the effect of the dynamic shading on daylight performance. (Animation) 41
EG [partially in case the animation doesn’t play correctly] The study validated the idea that a sunward closed shade could be adjacent to an open shade facing away from the sun, preserving more daylight.  (Time step images) 42
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Presenter
Presentation Notes
EG Even though the double wall of the proposed design had a lower VLT than the rectilinear baseline, the daylight levels were comparable due to the geometry the proposed design. No trade off between improving vastly improving the thermal performance of the glass and daylight. (Daylighting plans) 43


' Material assumptions: Area Calculations
B" i 1. Aluminum [Oxidized, Mill Finish) - A Assernbly Height (center line dimensions) 12.00(ft
. Alumirium Mullion Sections B Assembly Width (center line dimensians] 10.00|ft
(3 2. Steel (Rolled, Ground) - Steel sections c Total Assembly Area (A'B] 120.00|sq ft
NV 2. Silicone {All silicone fillings, gaskets and
strictons] Slicone] D Frame Width(Edge of glass to centar line) 0.25]|ft
3. Polyethylene (Low Density) - Backer Red L el ]
4 Polyamide with 25% Glass Fiber - F Horizontal Frame Length (B - D) 9.75|ft
G Vertical Frame Area (2°E'D) 5.88|sqg. ft.
L Thweisial Hick H Horizontal Frame Area (2°F'D) 4.88|sq. ft.
[ 5. Stainless Steel (Buffed) with sillica gal
: (dessciant) glass spacer.PIB layers at the | Total Glazing Height (A-2*D] 11.50]%
1 | s edges. J  Total Glazing Width (B-2'D) 2.50]f
6. Mineral Wool - Insulation 100 25
K Edge of Glass Width 0.21|ft
Boundary Conditions: | Wertical Edge of Glass Length (| - K) 11297t
1. NFRC 100-2000 Exterior - All glass M Horizontal Edge of Glass Length {J - K} 9.29|ft
exterior and frame exterior (Approx. OdegF)| N Vertical Edge Area (2'L'K) 474 |sq. ft.
2. Window 7.4 generated Inside U-value film| O Harizontal Edae Area (2°M*K) 3.90|sq. ft.
= Glass Interior (70 deg F]
43 Interior Thermally Broken Frame P Core Glass Height (I - 2*K) 11.08|ft
[Convection only) - Frame Interior (70 degF) | JQ  Core Glass Width [J - 2°K) 2.08|ft
R Core Glass ArealP*Q) 100.61[sq. ft.

|U-Value Calculations

Glass Construction jusing Window 7.4): a Center of Glass 0.24|Btu/hr-ft2-F
1/4" (6rmm) Solarban 72 on Starphire #2 | |o Vertical Edge of Glass Panel 0.26|Btufhr-ft2-F
1/2" {13 2mm) airspace Argon Gas Filled | |2 Horizontal Edge of Glass Panel 0.25|Btu/hr-ft2-F
144" [Bmm) Starphire d Vertical Frame 0.45|Btu/hr-ft2-F
El Horizontal Frame 0.45|Brufhr-ft2-F
Dew Point:
26 AL0P 1947 2780 362 446 S0P 6L 698°
| 37 DegF

U Assembly = [[R*a) + {IN*b)+(0*c)} + {{G*d) + (H*e)}| / C
U Assembly = 0.27 BTU/hr-ft2-F

® Therm model of 10’ wide unit, overall U of .27 is about 25% lower
rtain Wall - Therm Analysis than typical well-performing unitized curtain wall.
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Presenter
Presentation Notes
JN We modeled the curtain wall system details to establish an estimated overall U value for the system. (U-value sheet) The benefits of the design in terms of U-Value of curtain wall are twofold. Firstly, it is a double wall assembly so there are additional panes of glass, providing additional thermal resistance. Secondly, the curvature of the glass adds structural strength so there are less mullions needed. This reduces the thermal bridging through mullions, enhancing the overall assembly U-Value. Our rectilinear baseline model had a conventional double glazed system and mullion spacing, so the U-value was about 25%  higher. (U value sheet) 44
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Presenter
Presentation Notes
EG The energy and lighting modeling is preliminary, but suggests that the façade could save 16% of the energy consumed by a conventional rectangular building of the same floor and façade area, provide a 24% reduction in peak cooling load compared to a building with manually operated shades, and a 27% peak heating load reduction through taking advantage of heated air in the enclosed cavity. (Rendered Bay) 45


NEXT STEPS

16%

ENERGY SAVINGS OVER
CONVENTIONAL BASELINE
BUILDING WITH FLAT SINGLE

LAYER IGU FACADE

24%

PEAK COOLING LOAD REDUCTION

27%

PEAK HEATING LOAD REDUCTION

PLAN - TYPICAL BAY

SHADES DEPLOY AUTOMATICALLY
WITH SUN. CLEAR VISION
THROUGH NON-SHADED
WINDOWS.

Facade Tectonics Institute

OUTBOARD LITE CURVED
LAMINATED UNCOATED

GLASS ———————————_

O

UNSHADED HALF OF
CURVED GLASS LITE
SHADES RETRACTED
WHEN SUN AT ANGLE OF
INCIDENCE TO GLASS
BETWEEN 0-70 DEGREES

INBOARD LITE CURVED FT

LOWE IGU “

VENTILATED CAVITY TO
SIPHON EXCESS HEAT

CR PROVIDE WARMTH
SEASONALLY

: \

|

e

444

(1Y

S b e

= |

3 \ q

=] i i

~. Y | — J

Ry O i

~ R 3

3 i i :

3 & =

! 3

:
=
3

W
I’

18

"

OO

————

s o
junsssT T

AUTOMATED SHADES
DEPLOY TO BLOCK SUN AT
ANGLE OF INCIDENCE TO
GLASS BETWEEN 70 AND
90 DEGREES

ALUMINUM UNIT FRAME
WITH INTEGRAL TRICKLE
VENTILATION

CIRCADIAN CURTAIN WALL


Presenter
Presentation Notes
JN The analysis showed basic proof of concept, but more research would be needed to study the idea further and to make it a constructible reality. As a team, we hope that there is opportunity to continue developing the concept. (Rendered Bay) 46
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Presenter
Presentation Notes
JN Next steps would include further detailed modelling of the vented closed cavity, and investigation of closed loop filtered air for siphoning heat to and from the cavity facade. 
First pass has shades housed below the slab with connection to ducting. Second thought has an enclosure above the floor like a fin tube cover or in a raised floor.

(Orig detail sketches, Raised Floor sketches) 47
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effective group size for creative collaboration. Almost every
point on the floor can see the two atria, providing polar
orientation.

The North and South Atria bring the outside inward.
The Atria provide gardens connecting to the roof, with
rejuvenating plants, fresh air and water features.
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Presenter
Presentation Notes
JN The model would be expanded to an overall building performance level that would incorporate the way the atria could be incorporated to the ventilation scheme. (Section and Plan, sketches) 48
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Presenter
Presentation Notes
EG Since the project was done, ALFA, a new tool to measure circadian lighting metrics for artificial and natural light, came out. Would be interesting to incorporate this software into the analysis. (ISolemma Alfa Image) 49
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Presenter
Presentation Notes
JN We would study constructability and fabrication of curved closed cavity, eventually being able to mock-up in actual detail and study performance. (close up exterior rendering) 50
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Presenter
Presentation Notes
This design process is based on simultaneously  imagining  the experience of the occupant and the mechanical performance of the building. (Early sketches) 53


Wainwright Building, L. Sullivan, 1891 Wainwright Building, L. Sullivan, 1891- Detail Reliance Building, D. Burnham, 1895
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Presenter
Presentation Notes
Rather than adopting a superficial resemblance to natural objects—bones, plants, birds’ wings—we are trying to adopt The principle of ‘organic architecture’ central to the work of the most influential modernists prior to the preoccupation with imagery of the Postmodern-- expressing spatial structure, connection between inside and outside, and creating enclosure that encourages views and thermal comfort, with a rich,  even ornamental quality of detail drawing inspiration from the roots of modern architecture. These are works that still seem new after over a century.  ( Sullivan and Reliance) 55
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Presenter
Presentation Notes
The Circadian Curtain Wall is a theoretical element-- the enclosure-- which could be a component in an actual building that would more specifically address site conditions and connect the inhabitants to the world around them in supportive, sustainable ways. It represents an attitude toward architecture which values elements that do more than one thing-- it is a window that also functions as part of the mechanical system. It affords lighting control and also a dramatic sense of emotional connection to the outdoors. This multivalence is central to the work of modernists including--

Victor Olgyay, famous for his text Design With Climate, 1962, which systematically analysed siting and openings in the building envelope to maximise passive environmental control.   
Ian McHarg, a founder of Landscape Architecture as we know it, whose book Design With Nature , 1969, established methodologies of site analysis we should be rediscovering. 
Ken Yeang, whose contemporary high-rise buildings in Asia take Landscape, and connection to site and nature, in new directions. Bioclimatic Architecture.  (find images)
In his dissertation he wrote, somewhat prophetically:
‘It is easy to be misled or seduced by technology and to think that if we assemble enough eco-gadgetry in the form of solar collectors, photovoltaic cells, biological recycling systems, building automation systems and double skin facades in one single building this can automatically be considered ecological architecture...to be fully effective, these technologies need to be thoroughly integrated into the building fabric; they will also be influenced by the physical and climatic conditions of the site. The nature of the problem is therefore site specific. There will never be a standard "one size fits all" solution.'
https://www.architecture.org.au/news/enews/354-ken-yeang-and-bioclimatic-architecture






Presenter
Presentation Notes
In our search today for principles to guide the creation of sustainable architecture, this idea of the organic is a source of inspiration, one we have tried to explore and express in the project for the Circadian Curtain Wall. It means using the way biological and other natural forms reflect purpose and conservation of energy without imitating forms that are the result of processes intrinsically different than manufacturing and construction. Ultimately, The organic approach to architecture emphasises the relationship of buildings to climate and site, seeking to emulate natural habitat in finding strategies for tempering the extremes of natural conditions, finding a balance between built and natural, building and city, inside and outside, dark and light, the circle of all the things architecture brings together,  ( Rendering of bay window Image?) 54
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