
Mr. McGuire: I want to say one word to you. Just one word.
Benjamin: Yes, sir.
Mr. McGuire: Are you listening?
Benjamin: Yes, I am.
Mr. McGuire: Plas� cs.
Benjamin: Exactly how do you mean?
Mr. McGuire: There’s a great future in plas� cs. 
Think about it. Will you think about it?

Nichols M. (Director). 1985. The Graduate

X  Skeleton



X  Skeleton

It could be said, in the light of new understanding 
about material choices and life-cycle impact 
that we are suff ering under the weight of our 
buildings. The knowledge that the embodied 
energy of a building can far exceed its life� me 
energy usage demands an innova� ve response of 
materials and systems. Our proposal asks: how 
light can buildings be?

X  Skeleton proposes a new way of thinking 
about high rise façade construc� on. Drawing 
from natural forma� ons like coral reefs, we 
propose to combine structure and skin in a 
single X  Skeleton. 

The “X” is our nomenclature for a diagrid system, 
an op� mized structural form, which effi  ciently 
combines lateral and gravity loads at the 
perimeter of a building. In our system, the diagrid 
is sized to balance the needs of: a column free 
environment, maximized view, and at a frequency 
to serve a dual func� on as the primary backup for 
building cladding. 

The “ ” represents our proposal to replace glass 
curtain wall with pillow-like infi ll panels of ETFE, 
(Ethylene tetrafl uoroethylene) a fl uorine-based 
plas� c. While plas� cs are high in embodied 
energy, the rela� ve weightlessness compared 
to glass makes it an order of magnitude be� er 
on a square foot basis and has added benefi ts 
of reduced weight and cost of shipping, 
construc� on, and the eventuality (as explored in 
last year’s Metlife compe� � on) of recladding. 

We recognize that ETFE by itself does present 
technical challenges and have therefore proposed 
a composite wall system in which ETFE serves as 
the primary weather, thermal, and solar 
control layer. 
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Site and Adapta� on
The Roosevelt Island Net Zero New York Tech Campus is an 
op� mal loca� on to display a progressive approach to high rise 
design. The site is well situated for views and is within close 
proximity to public transporta� on and recrea� onal ameni� es. 

The X  Skeleton engages the Tech Campus’ raised pedestrian 
friendly site, by pulling the primary routs through the base of 
the building, encouraging interac� on and ac� va� on.

It further engages the site by eleva� ng the greenspace above 
the campus, allowing tech educa� on to be experienced from 
mul� ple levels. 

The adjacent diagrams explain the evolu� on of our tower from 
conven� onal construc� on to X  Skeleton, while illustra� ng 
the morphological response to site, solar orienta� on and wind 
direc� on. 



Structural System:

Structural analyses of both a conven� onal system and 
the proposed diagrid system were performed. In order to 
simplify the analyses a circular fl oor plate was modeled in 
both cases. 

Conven� onal System: 

The conven� onal scheme consists of a steel frame with an exterior ring and an interior 
ring of columns. The distance between the interior and exterior rings is 40 feet which 
allows for ample column free space. There are 14 columns at each ring. The exterior 
columns are 37.5 feet apart while the interior columns are spaced at 20 feet. Steel beams 
span the 40 feet between the interior and exterior rings. The lateral system consists of 
braced frames located at the perimeter of the building. While the braced frames would 
most typically be placed at the core of the building, we modeled the braced frames in 
the perimeter of the building in order to simplify the analysis and allow for an easier 
comparison of the conven� onal and diagrid systems. By making all the interior steel 
framing equal in both systems and changing only the perimeter steel the diff erence 
in tonnage between the two systems can easily be calculated by just looking at the 
diff erence in the perimeter framing. In order to help control the dri�  belt trusses were 
placed at mid-height and at the top of the building. 

X  Skeleton System (Diagrid): 

The diagrid scheme consists of diagonal members at an angle of 67.5 degrees with 
respect to the horizontal. With this slope and a fl oor to fl oor height of 15 feet the nodes 
of the diagrid are spaced at 12’-6” approximately. The elements of the diagrid resist the 
gravity and wind lateral loads as well as the wind loads on the façade. The interior framing 
is the same as in the conven� onal scheme with an interior ring of columns and beams 
that span 40 feet between the column line and the perimeter diagrid. The interior beams 
frame into the nodes of the diagrid and therefore do not introduce bending stresses into 
the perimeter spandrel elements.

Analysis Results:

The design of both schemes meet all strength and s� ff ness requirements including the 
story dri�  limit of Building Height / 450. The conven� onal system has a maximum of 19” 
lateral dri�  or Building Height / 473. The diagrid system has a maximum of 10.5” lateral 
dri�  or Building Height / 857.

The fi nal member sizes of the conven� onal and diagrid systems are shown in the table to 
the le� .

The quan� ty of structural steel was calculated for the perimeter structure only as the inte-
rior framing is iden� cal in both schemes. The conven� onal system has a tonnage of exte-
rior steel of 3206 Tons while the diagrid system has a tonnage of 3341 Tons which is an 
increase of 135 Tons with respect to the conven� onal system. This increase in tonnage 
of steel was expected as in the diagrid system the structural steel works as the lateral 
and gravity systems of the building but also the diagrid elements resist the wind loads 
applied on the façade and transfer those loads to the fl oor diaphragms. In the conven-
� onal system, the façade elements transfer the wind loads to the fl oor diaphragms.

Conven� onal System Diagrid System
Floor Column 

Size
Brace Size Floor Diagonal 

Size
49-50 W14x53 HSS 6x6x5/16 49-50 W8x24
46-48 W14x99 HSS 6x6x5/8 46-48 W8x31
43-52 W14X120 HSS 7x7x1/2 43-45 W10x45
40-42 W14x176 HSS 8x8x1/2 40-42 W10x49
37-39 W14X211 HSS 8x8x5/8 37-39 W12x58
34-36 W14X283 HSS 9x9x1/2 34-36 W12x65
31-33 W14X342 HSS 9x9x5/8 31-33 W12x72
28-30 W14X398 HSS 10x10x1/2 28-30 W12x87

25-27 W14X455 HSS 10x10x5/8 25-27 W14x90
22-24 W14X605 HSS 10x10x3/4 22-24 W14x99
19-21 W14X665 HSS 10x10x3/4 19-21 W14x109
16-18 W14X730 HSS 12x12x5/8 16-18 W14x109
13-15 W14X808 HSS 12x12x5/8 13-15 W14x120
10-12 W14X808 HSS 12x12x5/8 10-12 W14x132

7-9 W14X873 HSS 12x12x3/4 7-9 W14x145
4-6 W14X873 HSS 12x12x3/4 4-6 W14x145
1-3 W14X873 HSS 12x12x3/4 1-3 W14x176

Structural Analysis

Design Criteria:

Building Code: New York City Building Code, 2014
Dead Load: Slab Construc� on: 3” composite steel 
metal deck plus 2-1/2” normal weight concrete
Superimposed Dead Load: 20 psf including par� � ons.
Live Load: 50 psf
Basic Wind Speed: 98 mph
Exposure Category: C
Importance Factor: 1.0
Risk Category: II
Dri�  Limit for Wind Loads: Building Height/450 under 
the 100-year mean recurrence interval (MRI) wind
Seismic Loads: Not considered

Conven� onal System
Structure concentrated at core and 

interior columns

X  Skeleton
Structure at perimeter

The diagrid system has a tonnage of 3,341 Tons which is 
an increase of 135 Tons with respect to the conven� onal 
system. This increase in tonnage of steel was expected 

as in the diagrid system the structural steel works as the 
lateral and gravity systems of the building but also the 
diagrid elements resist the wind loads applied on the 

façade and transfer those loads to the fl oor diaphragms.
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ETFE Structural System

ETFE PV Frit
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Energy and Effi  ciency
The structural envelope of the building is integrated with PV fri� ed ETFE 
panels that are op� mized based on orienta� on and sun exposure. This will 
allow the building to harvest solar energy while simultaneously providing 
visual comfort within.

As the building is extruded upwards, the fl oor plates rotate for improved air 
fl ow around its uppermost levels. Intermi� ent sky gardens serve the dual 
purpose of relieving wind load and providing recrea� onal space. 



Energy and Occupant Comfort

N

S

100

83

67

50

33

17

0

% Occupied Hours

Daylight Autonomy Analysis (sDA, 300lx)

plate which allows the building occupants to connect to the 

circadian rhythms due to access to natural daylight throughout the 
workday.

Occupant Health and Wellness

Air Water Nourishment Light Fitness Comfort Mind

This building has been designed with the building occupant in 
mind in order to achieve an environment that promotes health 

Summary of Savings Annual Energy Cost Savings
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Standard Curtain Wall System X Skeleton
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ETFE (3 Layers)
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