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Table 5 Parameters Used for Calculation

Auu AAe AKgm Hy

0.7 0.7 | 0.3 ] 0.3 0 0 6.0

by % | Ay

———designA
—designB

S O B T VS WY S

0 1.0 2.0
Ber Bp

Variation of v; with B (design A)
and with B, (design B)

Table 6 Values of vy and vy Required
from Reliability Analysis(design A)

safety level corllgeik:ion required value
Be | Nue a v3 Vg
0 0.7 0.89

0.5 0.4 0.84 1.56
1.0 0.7 2.20

0.4 3.86

Table 7 Values of v3 and vy Required
from Reliability Analysis(design B)

(a) Up = 1.0
safety level IO?d required value
condition
Bp Nup o V3 Vg
0 0.7 0.85
0.5 0.4 0.88 1.49
1.0 0.7 2.11
0.4 3.70
(b) Up = 1.5
safety level Load required value
condition
Bp | Mup o V3 Vg
0 0.7 1,36
0.5 0.4 0.55 2.38
1.0 0.7 3.37
0.4 5.90
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RELIABILITY-CONSISTENT STRUCTURAL DESIGN
FOR SE1sMICc LoaDs

by

Hiroyuki Kameda and Kouzi Sekiguchi*

There is a widely accepted principle of structural design for seismic loads
that follows: structures should be so designed that they will undergo no damage
nor serious malfunctioning during moderately strong earthquake motions, and they
will be capable of avoiding collapse during ultimately strong earthquake motions.
In an actual design procedure, the former requirement will be realized as an elas-
tic design for a 1ifetime maximum load, and the latter, as an ultimate design for
a credible maximum load conceivable for the site. It is important to establish a
design procedure that will assure a consistent ballance of safety between these
two design stages whose purposes are essentially different.

The objective of this study is to develop a methodology for comprehensive
safety evaluation of the "two-stage seismic design" (this terminology is used to
mean the above-mentioned design principle) by using reliability terms based on
the second-moment method.

Three 1imit states are considered in this study, as illustrated in Fig.1. In
addition to conventional elastic limit states and ultimate limit states, plastic
1imit states have been introduced to account for the deformation capacity of
structures in the elastic design. The seismic loads for elastic and ultimate
designs are represented, respectively, by Kgy and Kgy, and their statistical
parameters are related by Eqs.4 and 5. The parameter o characterizes the nature
of seismic activities in proposed areas.

The safety index B for each limit state is given in Table 1, and the two-
stage seismic design procedure is summarized in Table 2 in the form of two al-
ternative concepts, designs A and B. Structural capacities required from consis-
tent reliability ballance between elastic and ultimate designs, represented by
the mean yield strength Ky and the mean ultimate ductility factor i, are illus-
trated in Figs.3--5.

The reliability-based design framework developed above has been applied to
a calibration of current Japanese highway bridge design specifications for seismic
toads. In particular, the importance factor vz to determine the elastic design
Toad, and the load magnification factor vs to determine the ultimate design 1oad
have been formulated in reliability terms as shown in Table 4. Numerical examples
are given in Figs.6--10, and Tables 6 and 7.

The methods developed herein should provide useful information for establish-
ing a "two-stage seismic design" procedure with well ballanced safety evaluation
of elastic and ultimate designs. Works on quantitative evaluation of relevant
parameters along this line are underway.

* Respectively, Associate Professor, and Graduate Student, School of Civil
Engineering, Kyoto University, Kyoto.



