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Loads & Stresses

Ref. ADD 331

TO AVOID DEFLECTION

WHEN LOAD IS INCREASED

b

THE SPAN MUST BE DECREASED..... OR
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MADE OF STRONGER MATERIAL

Loads & Stresses
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Fig. 52-10. Deflections can be eliminated by
combining members.




Structural Equilibrium

Lateral Stability

Horizontal diophragm
+ Arigid floor struct
acting as aflat, deep beam,
b

frames, or

— Atimbe

The structural elements of a building must be sized,

red, and joined to form a stable structure under any
possible load conditions. Therefere, a structural system must
aned Lo not only carry vertical gravity loads, but also
ind lateral v forces from any direction.
he following are the basic mechanisms for ensuring lateral
stabili
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Plate Structures
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Domes

A dome s a spherical surface structure having a
circular plan and constructed of stacked Mocks, 2
continuous rigid material ke reinforced concrete,
or of short, linear dements, as in the case of a
geadesic dome. A dome I similar to a rotated arch
except that circumferential forces are developed
that are compeessive near the crown and tensile in
the lower portion,

« Meridional forces acting along avertical section
cut through the surface of the dome are always
compressive under full vertical loading.

T~ Hoop forces, restraining the out-of-plane

movement of the meridianal strips in the shel
of a dome, are compressive in the upper zone
and tensle in the lower zone.

+ The transition from compresseie hoop forces 1o
tensde hoop forces oceurs at an angle of from
45" to 60" from the vertical ais.

- Atension ring encircles the base of adome

to contain the outward components of the
meridional forces. In a concrete dome, this

ring is thickened and reinferced to handle the
stresses cavsed by the differing elastic
deformations of the ring and shell

Shell Structures

Shells are thin. curved plate structures typically

eonstructed of relnforced concrete. They are

shaped to transmis applied lorces by membrare

stresses—the compresshve, tensile, and shear
stresses acting in the planzaf their surfaces.
Ashell can sustair relativelylange forces if
uriformly spplied. Pecause of its thineess,
however,  shell bas Itble bending resistance

and is unsaitable for concentrated loads.,

* Translational surfaces are genersted by
sliding a plane curve along a straight ling or

over another plang curve.

T Barrd shells acs ylindrical hell
strugtures, If the lengthof a barred
shedlis three or mere times 115
transverse span.it behaves as a deep
bearn with a curved ssction spannicg
in the longitadingl direction, H it s

relatively short, ic eshibits archiike
action. The reds o teansvesse righd
frames are required to czunteract the
qutward thrusts of the anching action,

Abyperbolic parabolold &5 a surface
generated by sliding a parabela
with dewavand curvature along 3
parabola withupward curvatare, or
by slidding 2 straight. ing segment.
withitsendson Lwo stewlines.

It can be considered ta be both a
teanslatiorul and a ruled surfacs,

+ Saddle surfages have an upward
curvilure in ene direction and
adowward cureaturein the

perpendizalar diczstion. Ina
sadde-surfaced shell structure,
regions of downward curvature
exhibiz archlike aczien. while
regions of upraed curvature
behave 36 acable steuctuse. If
the edges of the suface ane ot
supported, beam behaviar may
alsobe prosent.




Membrane Structures

mul lsads 1omas
anghors by means of oreis,
Reinforcing edae ¢ {iffen the fres
edges of a tent structure,

The membrane may be tied to the mast
supports by a reieforcing calle loop o
be stretched
The masts
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Tensile Structures




Membrane Structures

Tent strug tures ane membrane structures that are

high tensile forces, membrane structunes should have

relatively sharp curvatures in opposite dinections.

Menmbrane and steel cables teansmis
extemual laads 1o masts and ground
anchors by mears of tensile forges
Reinforging edge cables stiffen the fres
edges of a tent structure,

The membrane may be tisd to the mast
supports by a reieforcing calle loop o
bestretohed ever a distributisn ca
The masts are d 5L
buckling under cempressive loading.

Semeair supported siructures

use a net of cables placed in tension
bry the inflating farce torestrzn
the membrang from developingits
& & 4 & natural inflated pro

&

Steel Rigid Frames




Trusses

* Flat trusses have parallel top and bottom chords.
Flat trusses are generally not as efficient as pitched
or bowstring trusses.

Pratt trusses have vertical web members in compression
and diagonal web members in tension. It is generally
more efficient to use a truss type i which the longer web
members are loaded in tension,

Howe trusses have vertical web members in tension and
diagonal web members in compression.

Space Truss

WS e /N —— N\ — )

dimensional plate structure based on the _ WA\ I\ /A \ #

rigidity of the triangle and composed of linear S A S
elements subject only Yo axial tension or
compression. The simplest spatial unit of a
space frame is a tetrahedron having four joints
and six sbructural members.

A space frame is a long-spanning three- [ AAN /
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China Bank

Collserola Tower
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