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Determination of the Strength and Stiffness
Degradation Factor for Circular R/C Bridge Piers
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ABSTRACT

The objective of this research is o andlytically predict nonlinear hysteretic behavior of RC bridge piers subjected fo
repeated reversal loads. Enhanced andlyfical frilinear hysteretic model has been proposed to simulate the
force-displocement hysterefic curve of RC bridge piers under repeated reversal loads. Considering the nonlinear behavior
characteristics of reinforced concrete, the neutral axis of RC section has been repectedly computed at each stepwise
load. Then, the moment capacity and corresponding curvature in the plostic hinge have been determined, and the
enhanced hysteretic behavior model by five different kinds of branches has been proposed for modeling the stiffness
variation of RC section under cyclic looding. Based on the experimental force-displacement curve, the analyticol
hysteretic model for this sfiffness and strength degradation has been developed through the linear regression andlysis on
the effects of axial force ratio, longitudinal steel ratio, confinement steel rafio and efc. New analytical hysteretic model
has been incorporated into the computer program SARCF T so os fo predict the strength and stiffness degradation
phenomena for the rafional andlysis of existing RC bridge piers.

Key words : noniinear hysteric behavior, nonlinear characteristic of materials, strength degradation factor, sfiffness
degradation factor, hysteric model
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{a) Experimental results

Displacement Ductility Factor (4)
4 403 2 4 0 1 2 3 4 s

Pt

=
Vv

Lateral Force (kips)
\\\

SPECIMEN 1

05 05
Displacement (inches)

(b) SARCF il results

Fig. 3 Experimental and analytical load-displacement curve of Scribner's test

(a) Experimental resuits

Displacernent Ductility Factor (4)
) o v

Pul
<

ifre Statel

>
=

7

1z
=

)

Lateral Force (ton

/Z% l Ohta's Data

) ) 20 0 0 1 0 » » B

Displacement (mm)

(b) SARCF Il results

Fig. 4 Experimental and analytical load-displacement curve of Ohta's test
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Table 1 Analytical stiffness and strength degradation factor
Axial force Longitudiljal Confinemgnt Experimental Analytical results
Researcher Spedimen ratio steel ratio steel ratio results
(wa) | ) | ) |« [ o [« | o
ch S S

Specimen 1 0 0.21 0.06 08 20 0.68 251

Specimen 2 0 0.24 0.12 08 20 055 2.28

Specimen 3 0 0.26 0.04 08 1.2 0.74 24

Specimen 4 0 0.31 0.07 08 1.65 0.68 2.18

Specimen 5 0 0.26 0.07 08 197 067 234

Scribner's Specimen 6 0 0.30 0.15 04 25 0.49 202
test Specimen 7 0 0.33 0.16 05 20 048 1.89
Specimen 8 0 0.39 0.06 05 19 0.72 1.93

Specimen 9 0 057 0.08 0.7 1.25 0.71 1.18

Specimen 10 0 0.65 0.1 05 13 0.67 0.75

Specimen 11 0 0.57 0.08 08 0.95 071 1.18

Specimen 12 0 0.65 on 08 0.62 067 0.75

CS1P1L1 0.09 0.19 0.13 04 3 049 448

CS1P2L1 0.15 0.19 0.13 0.6 4 0.50 498

CSs1P2L2 0.15 0.19 0.13 0.6 4 0.50 498

CS2P1L1 0.09 0.19 0.03 0.8 2 073 472

CS2P2L1 0.15 0.19 0.03 1.0 2 073 523

chung's CS2pP2L2 0.15 0.19 0.03 1.3 3 0.73 523
Test CH1P1L1 0.09 0.19 0.06 04 8 0.66 465
CH1P1L2 0.09 0.19 0.06 02 7 0.66 465

CH1P2L1 0.15 0.19 0.06 1.0 5 0.66 515

CHiP2L2 0.15 0.19 0.06 05 7 0.66 5.15

CH2P1L1 0.09 0.19 0.05 04 8 0.68 467

CHzPtL2 0.09 0.19 0.05 02 7 0.68 467

Aycradi's test Aycradi 0.30 0.34 0.07 0.7 3 0.77 284
Ohta's test Ohta 034 0.08 0.02 08 3 0.88 2.51

a : Stiffness degradation factor
w : Strength degradation factor
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(a) Experimental result
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Fig. 5 Verification data result of Kunnath's test
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