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ABSTRACT

This paper presents an analytical prediction of the fatigue beh avior of reinforced concrete bridge piers under
earthquake. Material nonlinearity is taken into account by comprising tensile, compressive and shear models of
cracked concrete and a model of reinforcing steel. The smeared crack approach is incorporated. In boundary plane at
which each member with different thickness is connected, local discontinuous deformation due to the abrupt change in
their stiffness can be taken into account by introducing interface element. The effect of number of load reversals
with the same displacement amplitude has been also taken into account to model the reinforcing steel. The proposed
numerical method for fatigue behavior of reinforced concrete bridge piers under earthquake will be verified by

comparison with reliable experimental results.

Keywords : fatigue behavior, reinforced concrete bridge piers, smeared crack, interface element, load reversals
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Fig. 2 Shear transfer mechanism at crack surface
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Table 1 Specifications of test specimens
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Fig. 7 Finite element mesh used for analysis

Shear-span ratio (h/d) 54 38 22
Number of loading cycles (n) 10 3 10 3 10 3
Specimen P-10 P-19 P-17 P-20 P-18 P-21
Cross-section (cm) 50X 50 5050 50X 50 50X 50 50X 50 50X 50
Effective height (cm) 250 250 175 175 100 100
o Material and diameter | spaq 13 | sp3o 13 | Sp30, 13 | SD30, 13 | SD30, 13 | SD30, 13
Main reinforcement (mm)
Reinforcement ratio (%) 2.03 203 203 203 203 2.03
, Material and diameter | spos q | SRo4 9 | SR24,9 | SR24,9 | SR24, 9 | SR, 9
Tie bar (mm)
Reinforcement ratio (%) 0.1 0.1 01 0.1 0.1 0.1
Max. grain size of 10 10 10 10 10 10
Aggregate (mm)
Concrete Cylinder stremeth
ylinder streng
(kg fem?) 319 340 328 324 324 321
Loading velocity (cm/sec) 25 25 25 %5 25 25
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Table 2 Comparison of test with analysis
Shear-span ratio (h/d) 5.4 38 2.2
Number of loading cycles (n) 10 10 3 10 3
) P-10 P-19 P-17 P-20 P-18 P-21
Specimen

Exp. | Ana. | Exp. | Ana. | Exp. | Ana. | Exp. | Ana. | Exp. | Ana. | Exp. | Ana.

Yield (lt‘f’)a‘d’ Py 116 | 128 [ 109 | 129 | 159 | 192 | 155 | 191 | 276 | 333 | 277 | 328

Load Ma’dm“(f;)loadv Poo | 168 | 146 | 166 | 151 | 242 | 209 | 246 | 210 | 39.1 | 364 | 427 | 36.1

Py / Py 145|114 | 152 | 117 | 152 ] 1.09 | 159 | 1.10 | 142 | 1.09 | 1.54 | 1.10

Yield displacement
8. (cm) 130 | 143 | 130|143 (0751094 | 075 | 094 | 0.39 | 040 | 0.39 | 040
¥y
: Ultimate displacement,
Displacement s ?cm) 926 | 780 |1259 (1040 592 | 525 | 7.08 | 6.00 | 2.02 | 200 | 1.99 | 2.00
u
8,/ ¢ y 71 55 97 73 79 56 94 6.4 52 50 51 50
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