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INTRODUCTION

This research project had two distinct phases. The first
was to perform an analytical and experimental study of the
hysteresis behavior of steel members subjected to cyclic axial
loading combined wtih restraining moments due to end connections.
The findings of this study led to development of a simple and
realistic model to represent the hysteresis behavior of sﬁeel
bracing members. In the second phase, this hysteresis model
was used to compute the response of several praced frames due to
severe earthquake motion. Preliminary investigations were also
made in this phase to develop approximate methods foxr computing
the inelastic dynamic response of complex structures. This in-
cluded application of the method of characteristics in structural
dynamics and representation of a 3-dimensional structure by an

'equivalent 2-dimensional model .

RESEARCH

Hysteresis Behavior of Bracing Members

In the theoretical study a bracing member was represented
by a model with rotational springs at the ends and a prescribed
initial out-of-straightness in order to simulate, respectively,
the efforts of restrained rotation due to énd~connecfions and
transitional yield-buckling in compreséion. Elastic-plastic be-
havior was assumed for the member and end-connections. The
variables included coﬁnection strength and stiffness, and length,
size and shape of the member. The study concluded that the op-
timum post-buckling behavior of the member is obtained when

yielding occurs simultaneously in the connections and at mid-



length of the membex. Further, for such a member (called the
balanced connection strength member) the hysteresis behavior can

be predicted by using a pin-connected member of equivalent slender-
ness ratio.

Experimental work was performed by using small size 1"x1"
sguare tube specimens with welded gusset plates for end connections.
Thé sienderness ratio of these specimensranged from 30 to 160.
Cyclic axial displacement-controlled loading was applied both
‘statically.and dynamically. Effect of local buckling on the
hysteresis behavior and fatigue life of the specimens were studied.
The most significant conclusions are; (1) the effective slender-
ness ratio is the most influential paraﬁeter in determiniﬁg the .
hysteresis behavior of these members, (2) the differences in the |
static and dynamic hysteresis loops are minimal, and (3) the
experimental hysteresis loops generally compared well with the
theoretical results except for the residual elongation which

could not be predicted theoretically.

Response 0f Braced Frame gtructures

Based on member studies a simple mathematical model and a
physical model (consisting of two rigid links and a plastic hinge)
have been derived for the hysteresis behavior of axially lcaded
bracing members for use in computing the response of braced
frame structureé when subjected to severe earthquake motion.
These two models have been programmed for use with DRAIN-2D
program which was originally developed at the University of

California, Berekeley. Response of several braced frame



structures was studiéd to learn about the effects of such
factors as‘hysteresis behavior and different arrangements of
braéing mnembers, uplift of columns,'and vertical component of
ground motion on the total response of these structures.
Bracing patterns that have been considered are XK, V, X and
split~K types. |

The results show that a realistic representation of post-
buckling behavior of bracing members is important and must be
included for an accurate prediction of the response of braced
frames. Results also indicate areas of concern such as large
premanent deformations in the floor girders of XK-braced frames
and that overall displacement response may not indicate adequately
the inelastic deformation in certain members and locations. It |
also is concluded that the inelastic activity in frame members

can be reduced by allowing partial uplift of column bases.

Nonlinear Building Response by the Characteristics Method

Weak—-girder type structures are generally recommended for
‘earthquake resistant design rather than weak-column type in
order to prevent concentration of damage which could lead to
collapse. The conventional lumped-mass shear model, however,
does not accurately model the weak-girder type. The character-
istics methods has been shown to accurately represent this weak-
girder type of structures at a significant cost saving. In
this method the structure is treated as a continuous shear beam
with distributed mass coupled with a lumped-mass bending beamn.
The resulting hyperbolic partial differential equations for the

shear beam are solved by the method of characteristics.



Torsion in 3-Dimensional Structures

A study has been initiated which deals with developing simpler
2-dimensional models to represent moment frames and coupled
shear walls or bracings wtih respect to their linear and non-
linear stiffness characteristics and eccentricities. The
effects of torsion-translation frequency ratio and the eccentricity- -
polar radius of gyration fatio, and orthogonal-strength interactions
in conjunction with torsion are being studiéd with respect to
ductility requirements. The phenomenon of progressively in-

creasing eccentricity with nonlinearity will also be studied.

UTILIZATION

Bracing members are used in a wide variety of structures to
resist earthquakes, wind_and sea storms. The hysteresis behavior
of these members under reversed cyclic loading is, however,
quite complex because of combined influence of buckling and
vielding. Hysteresis models proposed in the past have been either
too simple but unrealistic, or too complex for use in practical
procedures. |

Study of bracing members in this resea£ch project singled
out the effective slenderness ratio as being the most influential
parameter in determining their hystefesis behavior. This led
to the development of a simple and reasonable mathematical model.
A subroutine package along with a user's manual was written for
this model to be used with the DRAIN-2D program. Bzchtel |
Power Corporation, San Francisco, California, is already using

this subroutine package in their work related with analysis and



" design of steel structures in power plants. Brown and

Root Company, Houston, Texas, has also shown interest in using
this model in the design and analysis of off-shore towers.

We are forwarding this package to the NISEE for a broader

distribution to all potential users.

FURTHER RESEARCH

The study of hysteresis behavior of bracing members in this
research project was based on idealized deformation and end con-
ditions, and tests of small scale specimens. Extention of this
study including tests on full scale members and connections is
now under way with support by NSF/RANN Grant No. ENV76-82209
and a grant from the American Iron and Steel Institute as Project
301. Past studies and results from this research project will
be used to refine the hysteresis mbdel for bracing members for
use in practical computation of dynamic response of braced steel
structures. Emphasis 1s being placed on developing recommenda-
tions for earthguake resistant desigﬁ of braced frame structures.
A study of inelastic torsional response of 3—dimensibnal
structures including bracing will be completed in this new

project.
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