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Figure 1. Design steps in DDBD method [19]
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Figure 3: Equivalent damping )5, ( variation in terms of ductility (u ) in selected equations
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proposed by Petinga and Priestley [47]
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Table 1: 27 design paths
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Table 2: Mechanical properties of the materials used in the design
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Figure 7: Cross-section of the deck and used piers (dimensions in millimeters) [18]
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Table 3: Properties of bridge piers
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Figure 9: Design flowchart of concretedbridge piers
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Figure 10: Force-Displacement diagram of one of the piers under cyclic loading
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Y Northridge Canyon 1994 sy Y#I0 D 0.48
Y Duzce, Turkey Bolu 1999 /Avi \ATAY D 0.82
¥ Hector Mine Hector 1999 £ v Y£I0 C 0.34
o Imperial Delta 1979 s YV D 0.35
I3 Imperial El Centro 1979 _<#in yaf D 0.38
Y Kobe, Japan Shin-Osaka 1995 ¢4 £7 D 0.24
A Kocaeli, Turkey Duzce 1999 v ANY D 0.36
q Kocaeli, Turkey Arcelik 1999 v INTAG Cc 0.22
\. Landers Yermo Fire 1992 vy INg D 0.24
N Landers Collwater 1992 v AYI D 0.42
\Y Loma Prieta Capitola 1989 s /A D 0.58
Y Loma Prieta Gilroy Array 1989 s AR D 0.56
\E Superstition Poe Road 1987 s VY D 045
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Figure 12: estimation of deviation and accuracy in different'design paths
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Figure 13: Statistical index values for different design paths in different bridge piers
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ABSTRACT

In Direct Displacement-Based Design (DDBD), the performance objective is to achieve the design displacement (target
displacement) and the stiffness and strength of the structure is determined in such a way that the maximum
displacement of the structure in an earthquake reaches.this displacement. For this purpose, the design base shear is
determined based on 3 key parameters of equivalent.damping, damping modification factor and P-Delta effect. Due to
the variation of relationships for each of these parameters, in this study the influence of using different relations on
achieving performance objectives is investigated. In this study, 8 'bridge piers with 2 different heights, 2 different span
lengths and 2 seismic hazard levels were selected. In order.to design the piers, the displacement design spectra were
extracted from AASHTO acceleration design spectra. Then, each.of'these piers was designed for 27 different design
paths resulting from 3 distinct relationships for each of the"3"key parameters and a total of 216 bridge piers were
designed by DDBD approach. Then, to evaluate the seismic performance<of the piers, each of the 216 piers was
modeled in OpenSees software and subjected to 14 far-field earthquakesrecords scaled on the design spectrum. After
determining the maximum displacement of each pier, the proximity of this displacement to the target displacement was
studied as a performance objective indicator. The results of analysis show that the'use of different design relations has a
significant effect on the maximum displacement of piers and their construction cost. So that for the most designed
bridge piers, the use of different relationships causes a 20% decrease or increase in the maximum displacement
compared to the target displacement and up to 40% changes in the construction cost. Among 27 design paths, using the
Priestley relationship for equivalent damping, the Japanese regulation formula for the damping=modification factor, and
the Pettinga and Priestley formula for the P-Delta effect, provides a more suitable performance for all bridge piers
designed with different heights, different span lengths and different seismic hazard levels.

KEYWORDS
Direct displacement-based design method, RC bridge pier, Equivalent viscous damping, P-A effect, nonlinear dynamic
analysis.
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