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Cables

Millennium Bridge in Newcastle, UK
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* use high-strength steel
* need
— towers
—anchors
— stiffeners (hangers)
* have spans & sag
» don’t want movement
— dynamic effects of wind
—resonance

Cables & Arches 3 Architectural Structures Il
Lecture 6 ARCH 631

GATE g, |

WO\ GAIE Bpyp

GO AN SPAN  OF
4200 F.

http:// nisee.berkeley.edu/godden

F2009abn

Cables

* simple -
* uses

—roof structures
— transmission lines
— guy wires, etc.
* have same tension all along
» can’t stand compression — struts do

http:// nisee.berkeley.edu/godden
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Cables
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Cables

Cable Loads

* equilibrium:

— not enough to solve, we have slopes
— X component the same everywhere
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Cable Loads

AN

Architectural Structures |1l

« straight line

between forces

T T .
45 kN
erele— ¢
W (b)  Severad concentrated louds—polygon.
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Cable Loads

» shape directly
related to the
distributed load

AT B N R

{e)  Comparison of a parabolic and a catenary
cuive.
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* fg: T =Tcosd
T,=Tsing

 parabolic (catenary)
— distributed uniform load

y =4h(Lx—x*)/L°
2 4
L = L2+ 517, )
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(d)  Uniforn loads (along the cable lengih)—
catenary.
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Cables & Tension Elements

« typical cross sections
. — L o A

Found Flat bar Angle Double I
bar arrer
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channel channels [wide-flange) Standard)
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Multi-wire strand

Built-up bux seulions
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Brooklyn Bridge, Roebling 1883
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Cable Structures
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i Cate g O rl e S Pretensioned cables Pretensionad cables

: =] =5
- SI n g Ie d rape Tie/s Compressign struts

Concave cables. Canvex cables.
— double

« different curvature 4 ’
] Same plane Or Structure using Structure using

concave cables. convex cables.

d Iffe rent ﬁ; f% Tie back cables e
TN [ :%T"Z%

- cases 7 [ =

e

. Forces on support elements Cable forces. Forces on
— Brooklyn Bridge cspresin
ring.
- (a) Double concave cables, (b} Double convex cables.
_ D u eS Te rl I I I n a Pretensioned cables are Pretensioned cables are
connected by secondary separated by compression
members. struts.
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Brooklyn Bridge, Roebling 1883
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Dulles Terminal, Saarinen 1962
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|

Dulles Terminal, Saarinen 1962
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Cable-Stayed Structures

« diagonal cables support horizontal
spans

* typically symmetrical
* Cases Approximate load

— Patcenter ™" /%N
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Patcenter, Rogers 1986

_Alamilo T : T T

B ri d g e (a) Cable-stayed bridge with asymmstrical (b) Cable-stayed bridge with central mast and

mast and radiating cables paraliel cables.

—

{c) Cable-stayed roof structure with central mast (d) Cable-stayad rigid roof with stabillizing tle-

and nen-load-bearing side enclosure walls. back cables.
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Patcenter, Rogers 1986

Patcenter, Rogers 1986
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Alamillo Bridge, Calatrava 1992

. http://en.structurae.de
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» dashes — cables pulling

maih masts transfer
verticalloadsto
columns and foundations

primary stays
suspend secondary
stays which support

roof 4
¥ 4
: e A

- -

vertical ties resist
wind uplift only

Figure 3.5: Patcenter, load path diagram.
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Alamillo Bridge, Calatrava 1992

« concrete “mast”
 parallel cable stays
* steel box beam spine in deck

diagonal stays support
roadbed and generate
inward thrust

weight of
sloped pylon
resists thrust
due to cable
stays

“ roadbed trans
horizontal thrust
to pylon

Figure 3.12: Alamillo bridge, load path diagram.

Cables & Arches20 Architectural Structures IlI F2007abn
Lecture 5 ARCH 631



Tensegrities

» 3D frame

« discontinuous struts
 continuous cables

Olympic Gymnastics Stadium

» Geiger 1988

www.columnbia.edu
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Olympic Gymnastics Stadium
» Geiger 1988
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Florida Suncoast Dome, HOK 1989 Georgia Dome, Stainback 1992

~aiu

_ fabric = s - T o e
suspension cable - y = ) e =
o hoop cables —— e : 3 Jtas
compression ring c : T A > >
. T 3 compression struts 7 P . - = .
f = fa

Figure 5.22: Florida Suncoast Dome, section.
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Georgia Dome, Stainback 1992 Arches

b C U rVI I I n e ar fO rm Uniform Nonuniform  Tension develops on one

compression compression  face (thus possible cracking)

— efficient in compression @ &, & Terser

I

— minimal bending stress o Mderewru

Force " Force

Uniformly Line of action of inter- Uniformly distributed Uniformly distributed

distributed nal force in structure plus concentrated plus concentrated

loading (funicular line) loading loading l

by
Iy ‘A
Iy '
W X
i . ; H : : Free-standing Free-standing circu- Free-standing circu- Free-standing arch
Figure 5.24: Georgla Dome, isometric drawmg of cable and strut parabolic arch lar arch with narrow lar arch with added with no horizontal
confiauration. (stable) VOUSSO0irs concentrated load restraint
Cables & Arches27 Architectural Structures 11l F2007abn Cables & Arches28 Architectural Structures |1l F2007abn

Lecture 5 ARCH 631 Lecture 5 ARCH 631



Arches

* ancient
— stone
— masonry

P

Rainbow Bridge National Monument

www.greatbuildings.com
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Arches

Arches

* ancient
— stone
— masonry
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Arches

Roman Aquaducts

Packhorse Bridge, UK

F2009abn

» terminology
— arch axis T rados
— crown Arch Axis [ Intrados
— rise |
— extrados )

Depth

— intrados i I

- d e pt h ; Spring Line Skewback

— spring line

Span

— span I

— skewback [T ]

- SOff't Arch terminology -
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e behavior

— stabilization Walls distribute Walls prevent
. concentrated cracks from
— resist thrust forces "\ openin
. D, %
* materials * ‘
— stone
— masonry / X
_ Free-standing arch Arch stabilized by sur-
concrete (stable due to width of  rounding masonry wall
— laminated wood  vessoirs) (also makes carrying
moving loads feasible)
— steel
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Arches

* behavior

— thrust related
to height to width
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Arches

Arches

¢ common variations
— two hinged
— three hinged — statically determinate

Crown

Springings

(a)

(b)
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« common forms

L SIRRRRRRAL e
pressure
1
(@) Archin (b) Parabolic  (c) Semicircular  (d) Pointed Arch
Compression Arch Arch
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Arches
* requires lateral bracing
— lateral ties
— diagonal ties
(a) Lateral stability can be (b) Lateral buckling due to high

a problem. intenal forces can be a problem.

LT

(c) The lateral buckling problem can be solved by
laterally bracing arches with other elements, such
as those from the roof structure. Cross bracing or
some other mechanism is needed to assure lateral
stability.

http:// nisee.berkeley.edu/godden
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Arches

* ... bracing
— lamellas

(d) Lamella (diagonal)

truss barrel vault
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Vaults

» Crypt of the Colonia Guell - Gaudi
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Vaults

e

!

(a) \S!ingle (b) Series of Vauls (c) Lateral Vaults
ault (Mormal)
LN D
AN SN
r[ i Y N
\‘ oy i |
h\ é ! #
=4
(d) Lateral Vaults (e} Cross or Groin (T} Multiple Cross
(Parallel) Vault Groin Vault
http:// nisee.berkeley.edu/godden
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Domes
« arch of revolutionary design

* resists
compressive
forces

e Compression
‘Compression
o
—

Zi

welght of thick hauhch
and wall make the line of
thrust increasingiy

| vertical, keeping it

] U H within the middle third

of the wall and supporting
foundation

}—» Tension

Compression
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Domes

* materials & forms
— concrete
— masonry
— steel

Pantheon
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Domes

* stresses and displacements © Harvard GSD

g ——
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itectural tructures mn F2007abn

Domes

* materials & forms
— concrete
— masonry
— steel

Fassible
addition of
half dame

- Possible
addition of
lesser hall
deme

~ -
Possible addition of _/ = \_
barrel vault Square area coversd
by dome and
pendentire dome
Union Station Rotunda, Pittsburg
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Domes

* Palazzetto dello Sport -Nervi
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