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Prof. Jerome. J. Connor, MIT said.
“First,
Design an elastic rational skeleton.

Second,
Dampers can make it a good structure.”
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Unit Load Method for Calculating the Displacement of Structures
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"The unit-load method can be used not only for beams, trusses, and other simple kinds
of structures, but also for very complicated structures having many members. Furthermore,
the unit-load method is suitable for finding all types of displacements, including the
deflection of a point in the structure, the rotation of the axis of a member, the relative
displacement between two points, and others. Theoretically, it may be used for either
statically determinate or indeterminate structures, although for practical purposes the
method is limited to determinate structures because its use requires that the stress resultants

be known throughout the structure."”




Fig. 1 Simple Statically Determinate Structure
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Fig. 3 Simpie Statically Indeterminate Structure

L, P 1/ P

2/ /212 Pl Pl

[);!-- -zigi;;-iilf + --E-;;-£LX' = ;aizii;; + :iiz;iz;
ly ly

KBEEZ  FBEEEDIEESTH. 2AREE LY R, a 2L | b AL FEIERESLEEEZ D,

2EA, 4EA, 4EA,




Building structure

Design

Fig. 4.a Stress Resultants
Caused by Design Load

—p
Unit-load

Building structure

Fig. 4.b Stress Resultants

Caused by Unit Load
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Fig. 8 Truss Structure
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Fig. 9 Sectional Area and D,,p of Truss Structure



Girder : H-400x200x8x13
Column : H-250x250x9x14

Fig. 6 Simple Frame
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Fig. 10 Sectional Properties and Dyop of Steel Frame



Abstract

The sizing of the members‘of the lateral resistance system for multi-story buildings
is ‘oft.en cc.m.trqlled by stiffness requirements. In order to achieve economical
buildings, it is important that these members be appropriately sized and that the
structural matene}ls' be efficiently distributed among the various components. This
paper pr'esent.s asizing technique utilizing energy methods that is currently in use by
several firms involved in the design of high-rise buildings.

Theoretical Basis -
Axial Members

Frequently in the design of high-rise
buildings, the structural designer wants
to use the minimum material to resist a
prescribed wind load without exceeding
a deflection criteria (such as tip deflec-
tion). In essence, the external work done
by the wind load has been predefined.

Assoc. Partner
Skigm-ﬁ Qﬁnﬁ & Mmu
cago, IL, USA

William F. Baker is an Associate Partner
and Senior Structural Engineer of Skid-
more, Owings & Merrill, Chicago, Illinois,
USA. As Adjunct Professor of Architecture
he also works at the Illinois Institute of
Technology. He was involved in a number

~ of significant projects, amongst them the
Sears Tower Revitalization, Chicago (1985),
the 63 story AT&T Corporate Center,
Chicago (1990), and more recently, in 1992,
the USG Building, a 35 story office
building in Chicago.

The task then is to proportion the struc-
ture so that the internal work is attained
with a minimum volume structure. We
know from virtual work methods that
the deflection at the top of a braced
structure (Fig. 1) is given by

+ -3

where Fis the force in a member due to
the lateral (wind) loads, L/EA are the
geometric and material properties of a
member, and n is the force in the
member due to a unit virtual lateral load
applied at the top.

O]

Equation (1) contains some very useful
information for sizing of members. The
FL /EA term gives the actual elongation
~ of the individual member. The n is a

By moving the material from one
member to another, it is possible for all
members of the structure to have equal
energy densities.

Now the question is whether the re-
sulting structure is a;minimum volume

structure. This can be investizated using,
ot AR 5

ture as E’ven bx
_y~ nFL
SN

subject to the constraint that it has a
constant volume of material (V). This
constraint can be formulated as

g=XAL-vV=0 )

" A constrained deflection equation may
then be written as

3

A=f+Ag ®
Substituting for f an g from Equations
(3) and (4) respectively:

A=Y %um—w ®

where A is a constant called the
LaGrange Multiplier. Given that t.he
geometry of the structure is set, the in-
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