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A new proposal for a structural reduction factor formulation

B.Palazzo & E Siano
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ABSTRACT: A rationale methodology to evaluate the Structural Reduction Factor based on an appropriate
definition is presented. The method requires the explicit use of the ductility ratio in seismic codes and also takes
into account the P-A effect for structures which are sensitive to geometrical deterioration.

Having defined theoretical collapse conditions for the non linear SDOF system subject to simulated excitations
corresponding to linear elastic design response spectra used in the code, the minimum strength spectra needed for
the structural survival, has been evaluated. Dividing the elastic design spectra by the analized collapse spectra,
derived by non linear analysis, the q-factor functions have been evaluated for EC8 and GNDT Italian Code propo-
sal. The overstrength factor is also considered by simplified criteria.

According to the results, analytical expressions for this coefficient are proposed.

INTRODUCTION

The structural response modification factor is a buil-
ding seismic design coefficient used by several codes
to scale down the Linear Elastic Design Response
Spectrum (LEDRS), corresponding to the Maximum
Credible Earthquake (MCEQ) expected at a site, to
the Inelastic Design Response Spectrum (IDRS).

The aim of the scaling procedure consists in accep-
ting that significant but controllable inelastic deforma-
tions of code designed buildings occour under MCEQ
without collapse.

The reduction factor philosophy was included in Sei-
smic Regulations to take into account, in a very sim-
ple way, the principal characteristics of the non linear
behaviour of structures. The scaling procedure needs
also to take into account P-A effects because structu-
res subject to significant geometric effects, due to
vertical loads, collapse under lower seismic excita-
tions. At present, it is very difficult to judge the ratio-
nale and validity of the q-values recommended by
codes because the theoretical procedures by which
current factors were determined have not been gene-
rally defined or documented. However, the relation-
ships between inelastic and elastic response are in-
fluenced by a lot of factors and therefore is quite com-
plicated to directly obtain reduction factors. The inve-
stigations reported in references (Palazzo & Fraternali
1987) clearly show that the structural coefficient must
be dependent on the ductility of the structure, on the
fundamental vibration period and on the geometric de-
grading phenomena, :

However, it is not well recognized by codes that, for any
given structural system, the acceptable decrease in

strength cannot be constant for the entire range of the
fundamental period in order to provide uniform sei-
smic risk for all types of structures.

Fortunately, as shown in (Bertero 1988), the total
overstrength to lateral forces that generally occurs in
code-designed structures is about 2-3 times greater
than the minimum code specified yield strength.

The strength in excess of seismic code requirements
helps the majority of buildings to survive strong
earthquakes. On the other hand, if the building posses-
sing a low degree of redundancy has a real ultimate
strength equal to the code minimum specified yield
strength, its response to MCEQ may not be accepta-
ble.

In this paper, on the basis of previous studies (Palaz-
zo & Fraternali 1987), a rational procedure for the
evaluation of the structural coefficient, taking into ac-
count structural ductility and global instable effects, is
presented.

However, to correctly apply the procedure taking
into account the overstrength, the global resistance
against lateral forces of the building should be estima-
ted by inelastic design procedures for the whole three-
dimensional system. If elastic procedures are still used
in seismic codes an overstrength factor for each
typical structural system should be estimated and
introduced in the evaluation of the reduction factor as
shown in this paper.

THE REDUCTION FACTOR: DEFINITION AND
METHODOLOGY

In the present proposal, the reduction factor qis defined
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as the ratio:
R(T) Amax

(T) =
d Ay (T, 1, 7)

where:

- A___ represents the peak ground acceleration of
the Maximum Credible Earthquake (MCEQ)
expected at a site

- R(T) istheamplificationresponse factor of LEDRS

- Ay('l",u,y) is the minimum elastic limit (expressed
as an acceleration) required for a structure having
inelastic main characteristics p,y to avoid collap-
se during MCEQ.

To reduce seismic actions to the “working stress design

force level”, the appropriate reduction factor q,, should

be used:

%.=%4

where ¥, is the local margin of safety used in working
stress design method. Assuming a set of independent
accelerograms which correspond to the (LEDRS)
defined by codes, in terms of frequency content, it is
possible to evaluate the main effects on simple degree
of freedom model by means of non linear analysis. By
using system with a2 minimum number of parameters,
Collapse Spectra, representing the strength required to
avoid specifically defined collapse conditions, are
established. Dividing Linear Elastic Design Response
Spectra (LEDRS) by such Collapse Spectra, a reduc-
tion factor q as function of a period and model para-
meters are determined. To take into account typical
overstrengths for common structural systems, the re-
duction factor should be amplified. Assuming o, as
overstrength and @, as code design strength, the
overstrenght factor 1s:

q°= 0 /o,
The amplified reduction factor q clearly results as:
J=qq@T)

where i represents the ductility factor reduced pro-
portionally to q° to take into account the different
actual yield displacement.

MODELS AND COLLAPSE DEFINITIONS

To evaluate the lateral strength requirements needed
to survive under an assigned strong earthquake, an in-
elastic single degree of freedom system could be used
as a structural model and some "damage functionals”
must be established to define the collapse conditions.

A SDOF model having two different relationships
has been considered:

1. Elasto perfectly plastic type model (EPP)
2. Slip type model as represented in fig. 7a

The geometrical degrading ( P-Aeffect) has been
considered introducing the coefficient y which repre-
sents the slope of the descending branch of the re-

sponse taking into account second order effects. It has
been shown (Palazzo & Fraternali 1987) that in
multistory structures the slope of the descending
branch depends on the collapse mechanism type and Y
can be expressed as:

O - )
v Op dLi

where O is the limit multiplier of horizontal forces,
0 rcpmsgnts the lagrangian parameter of the mecha-
nism, L," the second order work done by vertical loads
and L t}m work done by horizontal forces. In the case
ofa giobal type mechanism the approximate relation
can be used to evaluate ¥:

-~ 1

T %

where O, represents the critical elastic multiplier of ver-

tical loads. Based on these assumptions the equation of
motion then may be expressed as:

HO) + 2VOIL() + @2 (q(, 1) - ¥ (D))= - E/A

where:
pit) = uu(yt) is the actual ductility
g(t)= __s[_g(_]%: represents the base acceleration
A== Fyma is the lateral strength factor

7=—h%z— represents the geometric degrading factor

\Y is the dumping factor

Several accelerograms artificially generated using
(SIMQKE program 1976) assuming EC-8/84 LEDRS
(based on a 5% dumping factor) spectra as target
spectra are considered.

COLLAPSE FUNCTIONS

To define collapse states the following conditions have
been applied:

A) Ductility demand surmounts the supply
Du(t) =M(t) =1 1
W o- 1
B) Ductility function p(t) equals the critical one p
given by u=u/u where u, represents the displa-

cement where P-A effects annul residual
strength:

5898



C) Park & Ang plastic fatigue functional (Park et.
al. 1987) which takes into account the effect of
the cumulative damage resulting from numerous
inelastic cycles:

_ pit) + Plue(t) - 1)
b

Dea.(t)

Eh
b=

Where:

represents the hysteretic ductility, P the para-
meter used in Park’s model and E, the irrecove-
rable energy.

ANALYSIS OF RESULTS

With the procedure just outlined, the Collapse Spectra
in therms of absolute acceleration for different values
of the ductility factor and the geometric degrading
factor, have been evaluated for EPP and slip type
models, (Figg. 1a-8a) In these figures we can observe
that the minimum strength required to avoid the above
defined collapse conditions, is strongly affected by
both parameters p and y. In the figures the LEDRS,
which can be considered as special Collapse Spectra
forp=1and y =0, are also shown. Reduction coeffi-
cients derived by dividing LEDRS by Collapse Spec-
tra are shown in figg. (1-7) b). These results cleary
show that the reduction factor, assuming zero the
overstrength, depends on the natural period T, on the
global ductility factor L and on the geometrical factor
Y:

q=qW.T.7

Results show that reduction factors are quite lower
than ductility ones and the influence of the geometric
degrading factor is very strong. Figures clearly show
that structures with T < 1 sec. require to have yielding
strengths significantly higher than structures having
Jdigher periods. In figg. 8,9 the comparison between
collapse spectra obtained using slip type and EPP
models jointly with the assumed collapse criterium is
shown. The influence of the type of model and the
assumed collapse criterium results very small. Collap-
se Spectra according GNDT italian seismic code
proposal obtained by Palazzo & Fraternali (1987) with
the same procedure but using different interpolating
criteria applied in this paper are shown in figures 10-
13.

The proposed formulation for GNDT q function is
represented infigg. 14-15. The analytical formulation of
EC-8 g-factors proposed in this paper are shown in figg.
16-17.

CONCLUSIONS

A rationale methodology for estimating reduction
factor values has been provided. The results show that
structural coefficient depends on the ductility factor i,
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geometrical factor yand natural period T. It has been
assumed that the overstrength factor amplify the
reduction factor evaluated for a ductility factor redu-
ced proportionally to the overstrength factor. Based
on the results same analytical formulations of the g-
factor for EC-8 code are obtained. The proposed
formulation corresponds to the EC-8 design spectra
considered in the procedure and it is also dependent
on the curves related to site conditions LEDRS. In
figg. 15-16 the q-functions for GNDT Italian Sei-
smic Code proposal obtained by the same procedure is
shown. The constant values of g-factor recommended
by codes appear to be too high for short period struc-
tures without considering the overstrength.
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