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Nonlinear Finite Element Analysis of Reinforced Concrete Bridge
Piers Including P-delta effects
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ABSTRACT

The purpose of this study is to investigate the inelastic behavior and ductility capacity of reinforced concrete bridge piers including P-delta effects. A computer program,
named RCAHEST (Reinforced Concrete Analysis in Higher Evaluation System Technology), for the analysis of reinforced concrete structures was used. 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
incomorated. In addition to the material nonlinear properties, the algorithm for large displacement problem that may give an additional deformation has been formulated using
total Lagrangian formulation. The proposed numerical method for the inelastic behavior and ductility capacity of reinforced concrete bridge piers is verified by comparison
with reliable experimental results.

Key words : P-delfa effects, reinforced concrete bridge piers, material nonlinearity, large displacement problem, total Lagrangian formulation
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E 4 Ground motions selected for generating random displacement histories for Specimens A7 to A12

Specimen Event Description Purpose Record Scale’ PGA, 9
1 Damaging earthquake First major event Loma Prieta 1989 Presidio 12.00 1.20
2 Minor earthquake Aftershock Imperial Valley 1979 1.80 0.34
Superstition Mt.
A7 ) San Fernando 1971
3 Minor earthquake Second aftershock 2011 Zonal Ave. 1.20 0.10
San Fernando 1971
4 ' i . .5
Severe earthquake Failure of bridge 455 S. Figueroa St. 3.60 0.54
. ) Imperial Valley 1979
1 M rthquak M 1.80 0.34
inor earthquake inor damage Superstition M.
San Fernando 1971
2 i iti 1.2 0.1
A8 Minor earthquake Additional damage 2011 Zonal Ave. 0 0
3 Damaging earthquake First major event Loma Prieta 1989 Presidio 12.00 1.20
San Fernando 1971
4 Fai f bri . 054
Severe earthquake ailure of bridge 455 S. Figueroa St 3.60
) San Fernando 1971
1 M k i ' 2 1.43
ajor earthquake First major event Orion Bivd. 3.25
San Fernando 1971
2 i . A
Minor earthquake Aftershock damage 2011 Zonal Ave. 1.20 0.10
A9 3 Moderate eartquake Additional damage El Centro 1940 1.00 0.35
. San Fernando 1971
4 Minor earthquake Aftershock 455 S. Figueroa St. 1.00 0.15
5 Severe earthquake Failure of structure San Fgmando 19 3.25 1.43
Orion Blvd.
. San Fernando 1971
1 i ; .
Minor earthquake Minor damage 2011 Zonal Ave. 1.20 0.10
2 Moderate eartquake Additional damage El Centro 1940 1.00 0.35
) San Fernando 1971
A0 3 Minor earthquake Aftershock 455 S. Figueroa St. 1.00 0.15
4 Major earthquake First major event San Fgrnando 1971 3.25 1.43
Orion Blvd.
5 Severe earthquake Failure of structure San Fgrnando 1971 3.25 1.43
Orion Blvd.
. First Damaging Northridge 1994,
1 . .
Major earthquake earthquake VA Hospital 1.00 0.42
. Northridge 1994
2 ’ . .
Al Minor earthquake Aftershock Griffith Observatory 1.00 0.26
3 Minor earthquake Additional damage Taft 1952 1.00 0.36
Failure of
4 i i . .
Severe earthquake Column SCT Mexico City 1985 1.00 0.17
. ) Northridge 1994,
1 1. .
Minor earthquake Minor damage Griffith Observatory 00 0.26
Al 2 Minor earthquake Additional damage Taft 1952 1.00 0.36
1
Fi i ( 1994
3 Major earthquake st damaging Northridge .99 ’ 1.00 0.42
earthquake VA Hospital B
4 Severe earthquake Failure of Column SCT Mexico City 1985 1.00 0.17
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, A-7 A-8 A-9 A-10 A-11 A-12
Specimen
Exp. | Ana. | Exp. | Ana. | Exp. | Ana. | Exp. | Ana. { Exp. | Ana. | Exp. | Ana.
Y'g'd(bﬂfd 600 | 498 | 640 | 664 | 650 | 680 | 580 | 643 | 650 | 655 | 640 | 635
y
Load MaX'FT“(’IT(‘N)Load 780 | 840 | 720 | 759 | 750 | 786 | 740 | 747 | 690 | 740 | 720 | 744
Pul/ Py 130 | 169 | 143 | 114 | 115 | 1.16 | 128 | 116 | 1.06 | 113 | 1.13 | 1.17
Yield Disp.
160 | 88 | 155 | 144 | 165 | 155 | 170 | 153 | 180 | 161 | 130 | 149
y (mm)
5 (mm) 825 | 774 | 815 | 746 | 916 | 678 | 912 | 71.3 | 103.0 | 659 | 103.0 | 79.8
A 52 | 88 | 53 | 52 | 56 | 44 | 54 | 47 | 57 | 41 | 79 | 54

H 6 Comparison of experiment with analysis (with P-delta effect)

, A-7 A-8 A-9 A-10 A-11 A-12
Specimen
Exp. | Ana. | Exp. | Ana. | Exp. | Ana. | Exp. | Ana. | Exp. | Ana. | Exp. | Ana.
Y'g'd (ﬁﬁ)&‘d 600 | 650 | 640 | 668 | 650 | 652 | 580 | 65.1 | 650 | 644 | 640 | 639
y
Load Maxg,““(”;N)Load 780 | 710 | 720 | 705 | 750 | 700 | 740 | 678 | 690 | 676 | 720 | 67.1
L P,/ Py 130 | 109 | 1143 | 106 | 115 | 107 | 128 | 104 | 106 | 105 | 113 | 105
Yield Disp. 0 g
5 . (om) 160 | 155 | 155 | 17.0 | 165 | 155 | 170 | 189 | 180 | 192 | 130 | 174
Disp Ultimate Disp.
: 5 g5 | 787 | 815 | 766 | 916 | 697 | 912 | 907 | 1030 | 946 | 1030 | 947
. (mmy)
5,16, 52 | 51 | 53 | 45 | 56 | 45 | 54 | 48 | 57 | 49 | 79 | 54
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