Structural Systems in
Architecture

Jonathan Ochshorn

Cornell University, July 9, 2024

wwwjonochshorn.com

jonochshorn.com

Ok ez
- il - t

Academics  Scholarship Art & design Music

Social media
Résumé &  Courses Writngs Aschitectural  Original Follow
and
cv Videcs practice songs
Photo bio Furmnitre @jonochsho
Structural Roflo
Contact caloulators  Flip books petens
Spotify BN
Pronunciation Bldg.tech.  Food (pizza) po
calculators
Teo shirts 1970s concent
Poetry

& L

Newvertcal T-shirtsand  Launchpad  Concert
opening other merch  music video  posters from
calculator! for sale refeasec’ the 1970s

ing _vyall

il

I
{-i— Structure

k— Enclosure
|

|
Ll
'T\ Mechanical/electrical

}
: Interior
i
]

717124



Structural systems

,2. The Lintel: Alone lying flat on
. the ground it is functionless,
% useless... But the moment this

fintel (this latent thing), is laid upon
the two piers and connects their
activities — presto! By the subtlest of
gengeivable magic, instantly the Science

[This is] the simple visible
origin of our art.

— from Louis H. Sullivan, Kindergarten Chats and other
Writings, Wittenborn, Inc., NY 1947.

i — Image is the frontispiece from Marc-Antoine Laugier: Essai
sur larchitecture 2nd ed. 1755 by Charles Eisen (1720~
1778). Per Wikipedia, it is an i ing of the

Vitruvian primitive hut.
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cantilever
girder or beam bearing wall
post/column/pier
Basic structural condition
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I. Ordinary structures
1. The Pier: It rests upon the ground, it
thus has support; but it already aspires,
for it rises vertically from its ground-
support into the air... It is serene
because within itself are balanced the
= two great forces, the simplest,
= ?\elemental rhythms of Nature, to wit,
o the rhythm of growth, of
~ | aspiration, of that which would
' rise into the air: which impulse we
- shall call the Rhythm of Life: and
" the counter-rhythm of
decadence, of destruction, of
that which would crush to the
earth, of that which makes for a
return to the elements of earth,

the Rhythm of Death.
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small openings
— ~ large openings
Parallel bearing walls’
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Slab-deck variations
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Flat plate construction: Champlain Towers South building, Surfside, Florida
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Hybrid conditions
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Concrete two-way slab variations

2-way flat slab

:

2-way flat plate

Drop panel

Capital
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wall

openings in wall
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pier an; ;l:ntel
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column and girder

articulation/expression

Transformation

arch

of the wall
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continuous
walls

“platform
framing”

Multistory variations
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Gates Hall, Cornell University, Morphosis Archi
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Skeletal frame
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Jennie and Mundie, Fair Store, Chicago, 1891
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Rem Koolhaas (OMA), Milstein Hall, Cornell University, 2011
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KSS Architects, addition to Statler Hall, Cornell University, 2004

Lovell "Health" House, Los Angeles, 1929

Richard Neutra,
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bearing wall

bracing wall

Stability
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Timber frame, State Street, Ithaca, New York
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Charles Francis Osborne, East Sibley Hall, Cornell University, 1894

bearing wall

bracing wall

Stability
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c) rigid frame

Bracing strategies
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a) shear wall
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b) truss '
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S.O.M., Hancock c) rigid frame
Building, Chicago Bracing strategies
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a) shear wall
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c) rigid frame

Bracing strategies

S.0.M.: Uris Hall, Cornell University vierendeel "truss"
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Theo van Doesburg axonometric, 1924
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Il. Loads and structural behavior

Environmental loads: O
wind . g
selsmlc
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Loads {} (reactions) O
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NEVER MIND WHATS HOLDING IT UP! KEEP HANMMERING !/
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Never mind what’s holding it up! Keep hammering!!

Dik Browne, cartoon, 1986
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Galileo, Due Nove Sc:enze, 1638
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Tension

Parthenon, Acropolis, Athens (per Choisy axonometric, 1899)
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® ® © Bending (flexure)
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Rotational equilibrium: PxL=F xD

& N i
Pierre Koenig, Case Study House 21, Los Angeles, 1958
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Strategies for bending elements (beams)
f 8

Depth

7
1. Reduce internal stress (force) by increasing depth

2. Place material where stress is largest
(top and bottom)

Smaller “d";ﬁlts in larger internal

force, “F”
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Cross-sectional shapes for bending ..Overall shapes for bending
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Piano and Rogers
(Peter Rice - Ove Arup,
Engineers), Pompidou
Center, Paris, 1977

Forth Bridge, Scotland, John Fowler and Benjamin Baker, 1883-90
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I1l. Axial force structures

Long-span, “funicular,” heroic structures
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Koolhaas, Villa in Bordeaux (Balmond) 7 g Viorgang Tschapelier, Mui Ho Fine Arts

Library, Rand Hall, Cornell University
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Grimshaw and
| Partners, Igus
Headquarters
and Factory,

Cologne, 1992
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Gaudi, Cripta de la Colonia Giiell, Barcelona, 1908-1914
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Eero Saarinen, Gateway Arch, St. Louis, 1947 competition (1961-
66)
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Auguste Perret, Esdors Factory, Paris, 1919
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Guerrini, La padula and Romano: Palazzo della Civilta Italiana, EUR (Rome), 1938
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Mario Botta, House in Ticino, Switzerland, 1988
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James Stirling, Staatsgalerie, Stuttgart, 1977-83
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Viiioly, Kimmel Center, Philadelphia, 2001
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Dome as rotated arch

@

Forces in a dome

(added circumferential "hoop" stresses)
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Pantheon, Rome,
126 A.D.

Buckminster Fuller, Geodesic dome (USA Pavilion, Expo 67, Montreal), 1967
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Foster, Reichstag Dome, Berlin, 1999
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Tensioned membraRke
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La Grande Arche, Johann Otto von Spreckelsen; La Défense, Paris (1989)
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Shell structure
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Tents: Frei Otto, Munich Olympics, 1968-72
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Cable-restrained membrane
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Hyperbolic paraboloid
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Don Greenberg, Hyperbolic paraboloid, Cornell University Plantations, late 1960s
(rebranded as "Cornell Botanic Gardens" in October 2016)
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Felix Candela, restaurant at Xochimilco, Mexico, 1958
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" Contamin and

Dutert, Galerie
des Machines,
Paris, 1889
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Vladimir Tatlin, Monument
to the Third International,
1919-20

Hell Gate Bridge. Half-elevation of the arch. Gustav Lindenthal, NYC, 1914-16
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Albert Kahn, Glenn Martin Assembly Building, Baltimore, 1937

Mies van der Rohe, Concert Hall Project, 1942 (Glenn Martin collage);
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Alvar Aalto, Saynatsalo Town Hall, 1952
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Zimmer Gunsul Frasca, Duffield Hall, Cornell University, 2004
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http://www.aap.cornell.edu/milstein/
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Hopkins, House,
London, 1977
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Renzo Piano (Peter Rice, engineer), Menil Collection,
Houston, 1987

Fig. 103. Metacarpal bone from a vulture’s wing; stiffened after the manner
of a Warren’s truss. From O. Prochnow, Formenkunst der Natur. -

(From D'Arcy Thompson's On Growth and Form, 1917)
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Space truss (space frame)

Space truss: I.M. Pei,
Javits Convention Center,
NYC, 1986
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Louvre, 1989
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Milstein Hall construction videos
Jonathan Ochshorn
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