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Seismic Fragility Analysis of Reinforced Concrete Bridge Piers
According to Damage State

ABSTRACT

In the present study, a total of 275 tested specimens (149 of non-seismically designed and 126 of seismically designed) for reinforced
concrete bridge piers with circular section have been investigated in order to suggest drift limits probabilistically according to damage
states in seismic fragility analysis. Thus, quantitative damage states of the piers have been evaluated depending on details of the piers.
Nonlinear time-history analyses have been conducted for a damaged bridge in terms of using the suggested drift limits. Then, seismic
fragility analysis for a reinforced concrete bridge structure has been conducted using both suggested and existing drift limits.
Comparative analyses have revealed that median values by the suggested limits is smaller than those by the existing limits. This implies
that seismic performance of the structure can be overestimated when the existing limits are used.
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Table 1. Drift Limits Suggested by HAZUS (1999)

Drift limits Displacement
Damage state ..
NSD SD limits (m)
2 0.005 0.010 0.050
3 0.010 0.025 0.100
4 0.020 0.050 0.175
5 0.050 0.075 0.300
Table 2. Damage States Proposed by Dutta (1999)
Drift limits
Damage state Description
NSD | SD
1 No First yield 0.005 | 0.008
2 Slight Cracking, Spalling 0.007 | 0.010
3 Moderate Loss of anchorage 0.015 | 0.025
4 Extensive Incipient column collapse | 0.025 | 0.050
5 Complete Column collapse 0.050 | 0.075

(seismically designed; ©]3} SD)ul=l| thst ofe] 71| <3 3
& 53] Sfel = dEE TEHEIRARE 7 arde] we]
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Table 3. Range of Parameters for Columns Considered

Range
Parameters
NSD SD
Section diameter, D (mm) 150~1520 150~1200
Height, L (mm) 525~9140 525~6100
Aspect ratio, (L/D) 1.50~7.33 1.5~10.0
Concrete compressive strength, f,
! 15.7~64.8 16.5~90.0
(MPa)
Yield stress of longitudinal 240565 204547
reinforcement, f,, (MPa) ~ -
Longitudinal reinforcement ratio, p,
0.005~0.032 | 0.0075~0.0370
(%)
Yield stress of transverse 200~600 200~1000
reinforcement, f,;, (MPa) a -
Volumetric ratio of transverse
. 0.0012~0.0172 | 0.0054~0.0367
reinforcement, p, (%)
Axial force ratio, (£/f,,"A,) 0.00~0.39 0.00~0.43
Load A N
1mate loa
Vinax K
0.75Vmax 1
Ay . "
Displacement

Fig. 1. Definition of Yield Displacement
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Fig. 2. Definition of Ultimate Displacement
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test A3} B f-o]@go] 0.05ET} zho m g Uizl Add|o|El]
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Table 4. Normality Test of the Experimental Data with Non Seismic Details

Kolmogorov-Smirnov Shapiro-Wilk
Statistics Degrees of freedom Significance probability Statistics Degrees of freedom Significance probability
DS2 0.065 149 0.200 0.985 149 0.099
DS4 0.052 149 0.200 0.986 149 0.140
Table 5. Normality Test of the Experimental Data with Seismic Details
Kolmogorov-Smirnov Shapiro-Wilk
Statistics Degrees of freedom Significance probability Statistics Degrees of freedom Significance probability
DS2 0.155 126 0.000 0.962 126 0.001
DS4 0.118 126 0.000 0.936 126 0.000
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Table 6. Proposed New Dirift Limit According to Probability and Statistics

Drift limits
Damage state Description
NSD SD
2 Slight First yield 0.005 0.006
3 Moderate Loss of anchorage 0.010 0.015
4 Extensive Incipient column collapse 0.015 0.040
5 Complete Column collapse 0.040 0.070
Table 7. Comparison of Drift Limits
HAZUS(1999) Dutta(1999) Proposed Percentage(%o)
ngfege NSD SD NSD SD NSD SD NSD SD NSD SD
H1 H2 D1 D2 P1 P2 P1/H1*100 | P2/H2*100 | P1/D1*100 | P2/D2*100
1 - - 0.005 0.008 - - - - - -
2 0.005 0.010 0.007 0.010 0.005 0.006 100 70 71 60
3 0.010 0.025 0.015 0.025 0.010 0.015 100 60 67 60
4 0.020 0.050 0.025 0.050 0.015 0.040 75 80 60 80
5 0.050 0.075 0.050 0.075 0.040 0.070 80 93 80 93
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Table 8. Selected Input Ground Motions

EVENT DATE STATION Ml SOIL Transverse component T(sec) | SI(cm/sec)
PGA(g) | A/V(g/m/s)
EO1 | Chalfant Valley, USA | 07/21/86 Zack Brothers Ranch 6.3 deep broad 0.447 1.211 0.20 174
E02 Coalinga, USA 05/02/83 Pleasant Valley 6.7 deep broad 0.592 0.983 0.50 236
E03 Coalinga, USA 07/22/83 Oil City 6.0 stiff 0.866 2.052 0.18 180
E04 Coalinga, USA 07/22/83 Pleasant Valley 6.0 deep broad 0.602 1.730 0.20 107
E05 Coalinga, USA 07/25/83 CHP(temp) 53 deep broad 0.733 1.949 0.26 143
E06 Gazli, Uzbekistan 05/17/76 Gazli 6.4 very soft 0.720 1.148 0.13 224
E07 | Imperial Valley, USA | 10/15/79 Bons Corner 6.6 | deep broad 0.775 1.688 0.18 207
EO8 | Imperial Valley, USA | 10/15/79 El Centro Array#4 6.6 deep broad 0.485 1.297 0.19 195
E09 | Imperial Valley, USA | 10/15/79 El Centro Array#5 6.6 deep broad 0.519 1.107 0.11 189
E10 Ionian, Greece 11/04/73 Letkada-OTE Building 53 soft 0.525 0.921 0.50 224
Ell Kobe, Japan 01/16/95 Takarazuka 6.9 soft deep 0.694 0.814 0.24 323
El12 Loma Prieta, USA 10/18/89 Capitola 6.9 | deep narrow 0.529 1.449 0.26 212
E13 Loma Prieta, USA 10/18/89 Corralitos 6.9 stiff 0.644 1.167 0.30 185
El4 Loma Prieta, USA 10/18/89 Coyote Lake dam 6.9 rock 0.484 1.219 0.65 152
E15 Loma Prieta, USA 10/18/89 Gilroy Array#4 6.9 | deep broad 0.417 1.075 0.42 133
E16 | Mammoth Lakes, USA | 05/27/80 Long Valley dam 6.2 rock 0.921 3.187 0.07 108
E17 Morgan Hill, USA 04/24/84 Coyote Lake Dam 6.2 rock 1.298 1.606 0.30 306
E18 Morgan Hill, USA 04/24/84 Halls Valley 6.2 | deep narrow 0.312 0.792 0.55 140
E19 | N. Palm Springs, USA | 07/08/86 North Palm Springs 5.9 deep broad 0.694 2.053 0.18 120
E20 | N. Palm Springs, USA | 07/08/86 | Whitewater Trout Farm 5.9 | deep narrow 0.612 1.943 0.36 129
E21 Northridge, USA 01/17/94 Newhall 6.6 | deep broad 0.590 0.607 0.32 413
E22 Northridge, USA 01/17/94 |  Santa Monica City Hall 6.6 | deep broad 0.883 2.118 0.22 181
E23 Northridge, USA 01/17/94 | Sylmar-Olive View Med FF | 6.6 deep broad 0.843 0.650 0.34 411
E24 San Fernando, USA | 02/09/71 Pacoima Dam 6.6 stiff 1.226 1.090 0.36 391
E25 Tabas, Iran 09/16/78 Tabas 7.7 | deep narrow 0.852 0.702 0.20 318
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Table 9. Comparison of Median and Standard Deviation Values

HAZUS (NSD) Dutta (NSD) Proposed (NSD) HAZUS and Dutta (SD) Proposed (SD)

Damage state . Standard . Standard . Standard . Standard . Standard

Median (g) deviation Median (g) deviation Median (¢) deviation Median (g) deviation Median (g) deviation
DS2 0.78 0.89 0.78 0.99 0.87
DS3 0.96 1.04 0.94 1.21 1.10

0.39 0.35 0.39 0.31 0.37

DS4 1.17 1.21 1.10 1.35 1.30
DS5 1.35 1.35 1.31 - 1.50
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