F26GH 4 Vol26 No.4 T O®
20094E 4 H  Apr. 2009 ENGINEERING MECHANICS 158

XEHRS: 1000-4750(2009)04-0158-09

BT 2R SR B iU SH A R 8 T Bt R R A TEM

P, ERTEE ERD, hAE 2

(1. R TR 5l DR E S E s RIS, 107, KiE 116024; 2. K&l KZEH SHREMT, L7, KiE 116026)

8 . MR O H A JSCE. 3£ Caltrans. #7116 22 NZS Fo b B (fiF =Rk & WA )55 B K M R HTRE e g4,
TP R R EAR I A B R RE J) o B L T PERRM B DUB VO BB R R, AHARR I THRR IS )
PRt o3 R it e vk AR A AN L R dRe AR GG Jo 9 35 L4 S5 M B FR St A debm . B 5 i
SRR, 38 3 O A AT AR S R LU 9T T R BB B RS IR HR 5 P bm AT Ak v I HER R R R R
WPR 3. AR PR T SR B 2R S R AR A RN 45 AT e, AHLox S W B A R IR I
MR KRR AR, AR AZ R L 1R KRN AR s X B #E LhA=8 (R S A R i TR0, WHES S
B T A2 B G R AEROMBAE RIS A R4, Indos 200 B S48 b3 i) v FEE5 RN .
B AUTREE LA BT EREPUR RO VR, B RER; R R BN EGR 5

RESES: P315.9;U442.5'5  SCERFRIRAG: A

SEISMIC DAMAGE EVALUATION OF RC BRIDGE COLUMNS BASED ON
PLASTIC HINGE MODEL
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Abstract: A plastic hinge model has been widely used in bridge aseismic design codes such as Japan, Caltrans,
New Zealand and China (revised edition), to evaluate deformation capacity or the displacement ductility factor of
RC bridge columns. With the development of bridge performance/displacement based aseismic design, several
damage indices have been suggested, such as the ultimate curvature and curvature ductility factor of critical
section, maximum strain of confined concrete and reinforced steels, low cycle fatigue damage indices of
longitudinal reinforcement etc. To study the accuracy degree of damage indices calculated with plastic hinge
models and the main influencing factor, a computer program was developed employing 5 plastic hinge models to
compute aforesaid damage indices compared with the test data of RC bridge columns. The study results show that
force-displacement curves and residual deformation calculated match the experiment with adequate accuracy, but
the strain of longitudinal steel is overestimated and the strain of core concrete is underestimated. The computed
ultimate curvature is lower than that of experiment results when shear span ratio is not less than 8. It is also
recognized that under the same loading control displacement, loading path hardly affects the aforesaid damage

indices.
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Fig.1 Plastic hinge model of reinforced concrete column
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Table 1 Selected plastic hinge models
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Table 2 Parameters of bridge columns

F g 5 HAmm  HE/mm B B R/(%)  BEHERA(%) ML PIEATEN AR
LA407 609.6 2438.4 4 0.75 0.70 0.07 KRS NS
LA415 609.6 2438.4 4 1.49 0.70 0.07 KRS 2 NTTES
LA430 609.6 2438.4 4 2.98 0.70 0.07 x5 EILES
LAS8I15 609.6 4876.8 8 1.49 0.70 0.07 KRS 2 NTTTES
LA1015 609.6 6096 10 1.49 0.70 0.07 i RS N E

KAl 305 1372 45 2.0 0.87 0.1 RNk Y7
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KA7 305 1372 45 2.0 0.87 0.1 LERINIIE=Y i 197 T 2
KAS 305 1372 45 2.0 0.87 0.1 BEATL N2 i 797 T 2L
WA10 400 2450 6 1.5 0.5 0.19 KRS YA I
WAI2 400 2450 6 2.2 0.36 0.19 KRS N
WAL4 400 2450 6 2.9 0.36 0.19 KRS P
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Table 3 Maximum residual deformation
(computed value/test value)

=N
R Priestley Chang Japan Esmaeily 1 Esmaeily 2 “F3J{E ig
LA407 124 120 125 117 1.07 1.19  0.05
LA415 113 112 113 111 1.07 111 0.02
LA430  1.17 117 117 117 1.13 1.16 0.01
LA8I5  1.09 1.08 1.09  1.08 1.07 1.08  0.01
LAIOI5 1.04 1.03 104  1.02 1.01 103 0.01
FHME 113 112 114 111 1.07
BSRFEC 007 006 007  0.06 0.04
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Table 4 Ultimate curvature (computed value/test value)

I
WM Priestley Chang Japan Esmaeily 1 Esmaeily 2 “F3J{E ig
LA407 148 1.1 176  1.02 0.86 125 026
LA415 123 098 146 092 0.71 1.06 025
LA430 184 153 219 147 1.08 1.62 023
LA8I5 081 059 1.4 0.5 0.66 0.79  0.40
LAIOI5 096 0.67 193 056 0.90 1.00 048
WAI0 141 13 187 1.3 0.91 136 023
WAI2 123 107 1.69  1.05 0.83 117 025
WAl4 162 141 238 1.4 1.16 159 0.26
PEME 132 1.08 1.84 1.03 0.89
BRFEC 024 029 017 033 0.18
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Table 5 The maximum tensile strain of longitudinal steel

(computed value/test value)

iXff  Priestley Chang Japan Esmaeily 1 Esmaeily2 “F3JH §§
LA407 1.58 120 1.96 1.08 0.95 1.35 0.27
LA415 1.97 1.57 238 1.47 1.15 1.71 0.25
LA430 1.98 1.64 248 1.58 1.24 1.78 0.24
LA815 1.45 1.07 247 0.90 1.22 142 0.39
LA1015 1.44 .01 291 0.84 1.38 1.52 048
P 168 130 244 1.17 1.19
URAH 024 026030 0.30 0.14
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Table 6 The maximum compressive strain of core concrete

(computed value/test value)

[=N

o A5t
X Priestley Chang Japan Esmaeily 1 Esmaeily2 “F3{i A

LA407 025 021 025 0.20 0.16 022 0.15
LA415 071 055 079 055 0.29 0.58  0.30
LA430 138 1.12 1.08 1.06 0.57 1.04 025
LASI5  0.62 045 096 041 0.53 0.59 033
LA1015 046 036 081 0.29 0.46 0.48 038
FEIME S 068 054 0.78 0.50 0.40
TREH 056 058 036 0.60 0.38
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Table 7 Low cycle fatigue damage indices of outermost
longitudinal steel —Kunnath fatigue-life equation

325

A EL
ifF  Priestley Chang Japan Esmaeily 1 Esmaeily2 “F3#J{f ;;&
LA407 0.73 041 1.07 0.36 0.21 0.56 0.55
LA415 1.95 123  2.87 1.08 0.56 1.54 0.52
LA430 1.77 121 2.76 1.12 0.54 148 0.51
LAS815 0.73 0.41 2.6 0.29 0.46 0.90 0.96
LA1015  0.66 0.34 324 0.23 0.56 1.01 1.12
FHE 117 072 251 0.62 0.47

BREH 057 041 075 0.40 0.13
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Table 8 Low cycle fatigue damage indices of outermost
longitudinal steel —Mander fatigue-life equation

W Priestley Chang Japan Esmaeily 1 Esmaeily2 “F3H %i
LA407  0.88 0.51 1.28 0.45 0.26 0.68 0.54
LA415 2.28 146  3.30 1.29 0.68 1.80 0.50
LA430  2.07 1.44 318 1.34 0.66 1.74  0.49
LA815 087 050 3.0 0.36 0.56 1.06 093
LA1015 079 042 3.69 0.29 0.67 1.17  1.08
FEfE 138 087 289 075 0.57
WSRAH 065 048 084 047 0.16

BIFRECT A ZEAR K, WA (8 H A VE A L 1)
fRsrtl, HYERA A67E 0.5—1.5 X, HAR R
HnlIE 50%—60%. Xf [F]—ARIKAT, AN]SR B AR
RGP R 2 AR, XTETES LA K LASLS
IR LA101S A8 e R EnT ik 100% LA o i
— %, Kunnath F1 Mander %57 Zn SRR T A
I (6 F57 B 2R 5 X, Mander J7 R O THSAE KT
Kunnath 5788, 1H &gt B0 2300,
3.3 mEARREN

%M Caltrans. HAGHFEPUEMIE, FHT
I P B A AR p A PR ot 2 T ST A e ) BE
I, 30 SR A R T B i AR PR %, X IR
AR IS B2 0 30 SE2 o L R AN U N 2845 BT AN [
MBI T AN R 048 7 3O 98 PR AR AR Y T A 4
(14 53 ) i) 8

IYMTRS 3 2 v KAL. KA2. KA7 Fll KAS
MR, AU RS Beiasse e, A2
INE AR AT, KAL B ngd, KA2
AR S NINAR, KA7 Al KAS 4 5 E/F
LUK BENIAS K N . KA2. KA7 Fil KAS i fF
BT B KA A AR IR, A 80mm.

R 9—F 11 g T USRI AR 2= 9L
17 F5e R r AR FIAZ U5 TR g - 5 R B AR A [R] 98
BRI AR, — A R RIS RE AN MR
BRI P R E AT AT — 2 22 57, AER XS i) — 93 Pk e
R, il N P s KA S AR AT KA 2. KA2. KA7
M KA8 i, RS AR, H & BUR A
B BR e A K h AR ZE BRAR N, AR S R AU
KANLA 2% 6% o 12 O3 TR Bt - d5e K He AR 22 FEAH K
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x99 MREHE

Table 9 Ultimate curvature

/10 mm™

. L S
i Priestley Chang Japan Esmaeily 1 Esmaeily 2 “F-34{i 2K

KAI 1 5480 39.60 73.40  40.50 3480  48.62 0.29

KAl 2 2750 2140 3620 22.30 1770 25.02 0.26

KA2 2640 2130 3480 22.60 17.00 2442 025

KA7 2720 21.10 3580  22.60 1775  24.89 0.25

KA8  27.60 2130 3650 22.40 17.78 2512 0.26

P 2718 2128 35.83 2248 17.56

BREH 002 001 0.02 0.01 0.02

A KALL W3O R S I R R It (152mm), HAZ 53
B AR KA 2 I R i n# 2 5 KA2.KA7
1 KAS #3424 80mm), 4% FIH.

F10 RIBMFHRANNT

Table 10 The maximum tensile strain of outermost

longitudinal steel

[=X

) A
A Priestley Chang Japan Esmaeily 1 Esmaeily 2 *F33{E A

KAI 1 0.1081 0.0784 0.1456 0.0801  0.0690 0.0962 0.29
KAI 2 0.0549 0.043 0.0718 0.0448  0.0359 0.0501 0.25
KA2  0.0593 0.0478 0.078 0.0508  0.0383 0.0548 0.24
KA7  0.0551 0.0442 0.072 0.0446  0.0395 0.0511 023
KA8  0.0573 0.0466 0.078 0.0465  0.0372 0.0531 0.26
SPIIME 0.0567 0.0454 0.0750 0.0467  0.0377

BRFEE 003 0.04  0.04 0.05 0.04

F1l #ZERREIRKERT

Table 11 The maximum compressive strain of core concrete

[ =N

" Bl
X Priestley Chang Japan Esmaeily 1 Esmaeily 2 “FI{i X

KA 1 0.0400 0.0287 0.0528 0.0293  0.0250 0.0352 0.29
KA 2 0.0195 00148 0.0261 0.0155 0.0119 0.0176 0.28
KA2  0.0107 0.0087 0.0137 0.0092  0.0072 0.0099 0.22
KA7  0.0151 0.0119 0.0200 0.0122  0.0100 0.0138 0.25
KA8  0.0121 0.0095 0.0180 0.0097  0.0078 0.0114 0.31
SPHIME 0.0144 0.0112 0.0195 0.0117  0.0092

BREAH 023 021 023 0.21 0.20

4 it
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