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Inelastic Cyclic Behavior of Reinforced Concrete Bridge Piers
Including Compressive Stiffness After Yielding of Reinforcement
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ABSTRACT

Analysis of ten one-fifth scale models of reinforced concrete piers using the two dimensional finite element method
was presented in this paper. The predicted behaviors from present analysis were compared with test result. The
material models used in the finite element analysis are based upon the biaxial state of stress. This model assumes
the orthogonal anisotropy that the reinforced concrete element with several cracks shows an anisotropic properties
each in normal and parallel direction to the crack. The degradation of strength and stiffness due to the crack
generation, yield of tension and compressive reinforcements, bond effect with reinforcement, and shear transfer at
crack plane were considered in the analysis. Also, the realistic consideration about the compressive behavior of the
reinforcement after yield gave rise to better simulation of inelastic mechanical behavior of reinforced concrete member.

Keywords : orthogonal anisotropy, biaxial state of stress, shear transfer
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Fig. 1 Orthotropic properties of cracked reinforced
concrete element
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Fig. 2 Tensile stresses evaluation of concrete normal
to crack plane
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Fig. 3 Tension stiffness model for unloading and
reloading
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, Concrete | yield of steel bar (Mpa) .
Specimen | N | combressive | e Loading | atio " |riniorcqmen A%l strss
(Mpa) reinforcement |reinforcement cycles (h/d) t ratio(%)
P-10 2.50 31.3 308.3 272.2 10 54 0.10 0
P-11 2.50 32.1 308.3 272.2 10 54 0.20 0
P-13 2.50 32.8 308.3 272.2 10 54 0.31 0
P-17 1.75 33.1 308.3 272.2 10 3.8 0.10 0
P-19 2.50 33.3 308.3 272.2 3 54 0.10 0
P-20 1.75 31.8 308.3 272.2 3 3.8 0.10 0
P-22 2.50 314 308.3 272.2 5 54 0.10 0
P-56 2.50 425 369.7 370.2 10 54 0.10 0.49
P-57 2.50 40.0 369.7 370.2 10 54 0.10 0.93
P-58 l 2.50 39.2 369.7 370.2 10 54 0.10 1.96
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Table 2 Comparison of maximum strength of test specimens

Test Yield S TestM : - 1;/1Xnalysi§/I A. ANr[lal}.lsis B
es : i aximum i aximum aximum
specimen dlsgl?gfn%em strerelgth strerigltlh streigth strerllgltlh ssr)e(zngltlh OB /@ /0 /6
’ P, KND | P (KN)@ | P, KN)Q | Prx (KN)D | Prri (KN)®
P-10 12.41 87.4 161.8 106.6 151.0 141.1 0.82 1.07 1.15 1.07
P-11 12.39 94.8 162.1 106.9 149.8 141.0 0.39 1.08 1.15 1.06
P-13 12.34 88.4 156.3 107.2 151.9 143.3 0.82 1.03 1.09 1.06
P-17 783 1499 231.8 167.0 233.8 206.2 0.90 0.99 1.12 1.13
P-19 12.25 84.3 158.0 108.7 156.4 142.0 0.78 1.01 1.11 1.10
P-20 781 1575 2339 166.7 2176 202.2 0.94 1.07 1.16 1.08
P-22 12.19 89.1 1595 105.4 1494 139.6 0.85 1.07 1.14 1.07
P-56 14.63 126.9 175.0 140.6 1925 180.9 0.90 091 097 1.06
P-57 16.08 1272 1826 156.8 203.7 190.9 0.81 0.90 0.96 1.07
P-58 20.13 1754 1944 192.2 220.1 2104 091 0.88 092 1.05
Mean 086 1.00 18 | 107
value
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