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ﬁ; Bk R 2 A Bk e
1 T — e b e ]
I B S R % o, SUTE Jay B 7™ A v Al 2 B8 (E1)
I A A 0m Ml R i il 36 o, 24559 2 B W1 A1 A5 SR B O 4 2 VR 68 1 V8, WIS AR TH R
|\ s 7 TR s E 11 B 1 S ST = o AR YEFEAT — a2 10 8 1) 7R 48 Ty (L3 B T AR AR 5 FiBE(E2)
Vo OSEARER D IEN
F4 FEOHREE M ERGIER
Tab.4 Curvature damage index at the bottom section of bridge piers
R/ m !
AR =
EAEVIRIN R W ot Ty ———
U Einky] S50 R M 2 o, 0.0015 0.0009
AR 4 5550 it T 25 %o i R 0, 0.00212 0.0012
AR 05 R -l A 2 e i A 0.023 0.013
SEA IR e BR 4 o, 0.0362 0.0224
aélllllllllllllll!ullllIllllllIHllllllllllllxlllllllllullllllllllElE
£ 5
ig gi 4 g:.l:ﬁﬁ ET*EEI%HG#%?E 'HE E
;: :L;

(a) 2~4"Hr BB AR T

(a) 2°~4" pier bottom sections

RIPUBG S U O E I P @R R S R o e S ey i s

(b) 1%, S*HRBUR A

(b) 1 and 5” pier bottom sections
7 WO A T R g I A

Fig. 7 Longitudinal reinforcement of pier bottom sections

i
4.1 BURHMESH

YOGS RS B R PR i AR R —,
FLAF L 50 R B A0 3 BB R DT AR
li) 1 7% R 3% 8 MR AR 17~ 374 B30 il 2 40
ME9I~11 7R . ME 9(a),10(a), 11(a) Hr UK
f R T 7 o R Y T LA S T R R £k A



312 B T B % W 55 37 &
100000 0.04  ——ETAIME —ETAL R it ROk
——ETA2I 2 —ETA2 Rt Bk
.-E _*ETMNE*ETABiﬁ'ﬁﬁﬁﬁ
80000 =
g z
° 60000 [ 1w
< SRR A3HT i 2% B
=, —=— SR 2
40000 4 ) N ; ; ; ; ;
fﬂp —o— FROMLMEAHTHR 004510 15 20 25 30
500 i S8 / s
(a) 1" HOHUER i 2 i 72 Bl 72 o 2%
(a) Endurance time-history curves of 1" pier bottom curvature
% 001 002 005 004 0.041 —Ema
%/ m” - —ETAflE
(a) 2~ 4" BFHR 11 M- 0 2 F0.08 AT
(a) M-p curves of 2°~4" piers in longitudinal direction - TR
= 0.02 y i 2
1 - == R’=0.9642
00000 - /r:"l/
#0011 p}j/qz%fm‘ﬁi
80000 g - BB
0 5 10 15 20 25 30
_ Tl
E 60000 fils PR 1] / s
> (b) "I R e FRVE S RIS
é (b) Fitting of endurance time-history curve of 1* pier curvature
& 40000 —a— SRR 2 B9 R BOHUR Hh 50 M
kUP —OERMARMEAHTER Fig. 9 Curvature analysis of 17 pier bottom
20000
0.06 - ~——ETAINE —ETA1 Ril-R iR
¥ ~———ETA2I 2 —ETA2 Rit# A i
- 0.04fF ——ETA3N 7 —ETA3 R iR KR
O 1 1 1
0 0.01 0.02 0.03 2 02t
#% /m’ %0
(b) 1°, SHFIA Al Mg il 22 E—o.oz
(b) M-¢ curves of 1” and 5’ piers in longitudinal direction & 004l
E]S ﬁ%%ﬁiﬁ&ﬁM“@ H:Hgf -0.06 L L L I I
. : f L fbri . 0 5 10 15 20 25 30
Fig.8 M-¢ curves of bottom section of bridge piers * i B A / s
(a) 2"FFF R B S R T R T

LSRN S AN 0= R v ORI NN (EN SR < T
I, A b S Ok BOR . IR ELET A3 I 72 il
28 R AR, 270 3T I BT A2 Bk AR gl £ Sk e e 43
1B o A7 SO A6 5 A 0 R A DA, 45 44 Ak 1 i
ARAS R LML G BRI 5 S5 HE A b 224505 B
B, i T 23R RBUR R i 26 2418 ME & H
R FH s B 22 35 AT B LA L T ARAR R A RS JE
XFE9(a),10(a), 11 (a) M BUSUIK th 6 1if 7% i 22 il 2%
HATIA L3 K 9(b),10(b),11(b) . MK 9(b),
10(b), 11(b) HF A LAF i, R* ¥ KT 0.96 , B Ll & )&
B, 31X 2% B T 7% B R 43 T e AR G b T AN (] 5 3
T RERO OR3P T AR A AR BT AN T i 3 Ak
g N Py E (2 R T NDNE 1 =
Br bR tEae it AR . UG 5 MU ith e K
LG, L 7 T S ) % 3 0 R, v R
T T AR A5 7 ) 7 A L R (] B [ AN AR
BB Ao R R 2 /DN 1 b R R BT R
)45 /NI AR 98 285 40 Ao MR RS 3R AR A it 2 i A
G AT 48 I L 1 T i), i 5 T A S ) 1 186, b
T R I T O, B R A A A AR R RS, I i
SR RL . SR SGgE 0 i B ULA S
V14 THT 2R Ay i 7% B 2 43 BT 285 SR R AT ) LU A5

(a) Endurance time-history curves of 2° pier bottom curvature

0.05 —ETAFfI1H

—ETA#L A8

Tg 0.04 SEARIR )
+?«+ L FEEB
Eo.oz - HERIL Rp.9834
0.01F

i Ly Entyi)

e T —
0 5 10 15 20 25 30
P asiathi]
i AR 8] / s

(b) 2" AR AT o B AR 4 SR AL

(b) Fitting of endurance time-history curve of 2” pier curvature
P10 27MF BRSO il % 43 B
Fig. 10 Curvature analysis of 27 pier bottom

M 9~11 i 17~ 37#7r B 1% T 5% I 2 ik 435 2R ]
VL, BOEE TE P03 28 % 0t 403 B B T 40L& il 46
RERAR/IN AL 52 2 56 2R (S 4 Btk A v S5 4540
AR R 7 I R 110 4805 Y 2 R AR 98 AR AR G, 0 il
16 13.21,15.81 2 15.11 s B 9E A 7™ 5 45 455 0K 2% 5 4
WIAE 22.86,19.09 K 18.97 s I HE A 58 S W IR 45 .
TR B0 T O 0 28 58 4 W SR B B ol 8 R 1) A2 £k
B I T 27 R0 3TRR B, R X FE 30 s BT % B R Y
20, SRR EILE BRI i A SE R IRR A, R W i
SSORTR g ) T R P B LU 27, 37 MR RS L (RIS
Hh B T R P B R 25 AN K, 1 W AR SCARHE TR X



TR, A5« TR I R TR I3 52 A 9 4 1) 70 5 1 RE A v ) 12 313

0.06  —ETALNE ——ETAL RiR AR
. ~——~ETA28 7 ——ETA2 RitH A%

~ 0.04 | —BTA3NE —ETASR B AR
78 0.02
B ol
1#-0.02
-0.04
0865 5 10 15 20 25 30
i} R 1E] / s
(a) 3"HF IR,y R T 7 A 2 T 42
(a) Endurance time-history curves of 3" pier bottom curvature
: [ — ETAWAHA
g 0.04 L2 U N
5 0.03 FEE B

7 0.02 FERGLA  R-0.9831
ﬁO.OI ..... %ﬁbﬁ\ﬁ
i 5 10 15 20 25 30
Tt
i R 8] / s
(b) 3L B I ARG R R &

(b) Fitting of endurance time-history curve of 3* pier curvature
11 3O it 2803 By

Fig. 11  Curvature analysis of 3" pier bottom

T BT B S B PR AIE T AT A 1 B BT R P E
B H A

4.2 FTEMABSH

TEYN 1A RZ AR R 17, 570 B8 3 36 437 7% 1) T 7%
AP R MR & 12, 13 iR o AR 2R 1 4 X 3 B Pk fig
IR HE ] 43, 7 2 S e K B 58 A i R RS 1 L B8 Oy
250 mm. R, A5 B 17, 57HF B 7 % 1 T =
P A oty 4 A 1) SO 0L RO AT AU I 20 s Y
it 5 B[] B Y 32 A A 7% BE AT LA LA A R
K 12(b) #1 13(b) ix o M 12(a), 13(a) 3 fif
% 1 = R £ bRl LA S BOROR iR —
FE S A% T 7% B R M 2 — o B AR A IR #E
B[] B, 0 R 1) 38 Bl S K LB A B () 3, 40 145
b Bk Rk . 17, 5THR B R RS ETM 2%
R A EY N ETA2 B R4k . 17, 574 3 S )
i o 1 N S N R N A /8 - O )
15.01 s #F A S8 M RARAS , SHF B 3 JBE 7 15.68 s iF
A GERWEIRRAS o X HBUR 5 0 S 88 A7 B A i
g o R R AT A 2 xS AR R N 8 A R IR A T AR
i [R] W] 2 /N T 47 B0 T R B ), ETM Y 43 B 45
AT WIS W 5 3R Y — e R, BT DL ETM # 1 8&
SiIRAATZH A,

5 miptEMERTHRRE LT

5.1 iE37ME B HYIEEL

K5 A5 H 1 A 4R JE ) — BB K, 7R 5 b

~——ETAIN# ——ETAL iR B

S
g 04r —
Sg 02F
0F=
|
o4}
-0.6 : ' : : ;

0 5 10 15 20 25 30
Tiif FE I TR] / s
(a) V"M B (L RS inf AR A2 i 2%

(a) Endurance time-history curves of 1” pier bearing displacement

- —ETAH 52

O TEAmAl .
Z 02 e
2 [ %5
g o T R'=0.9546 2k s
il j,J/ AR b

05 2 I 15 20
it FEET I / s

(b) VR FERL RS SR B R 4 SR
(b) Fitting of endurance time-history curve of 1” pier bearing

K12 1B RS 43 BT
Fig. 12 Bearing displacement analysis of 17 pier
0.8 ~——ETAIN#E ——ETAIR M KA

-~ ETA2W 2 ——ETA2 R RAAIRS
| ——ETA3R#E ——ETA3RiHR AL

0 5 10 15 20 25 30
jir} FER E] / s
(a) S"MF S B RS Tirf B I A2 i 2%

(a) Endurance time-history curves of 5" pier bearing displacement

03 — A 58 \
N
' g
@ 02 ez
& = e
& o1 /| R'=0.8962 45 15
A Fttl
% 5 10 15 20
i B 18] / s

(b) S"HHECT EE AL RS i R A R R 45 R A&
(b) Fitting of endurance time-history curve of 5* pier bearing
displacement

K13 57RO AL RS 23 B

Fig. 13 Bearing displacement analysis of 5 pier

REAEFE AF 200 b R e N 2 R 22 5. M B
14 3 O IDA 25 1 45 54 3 K s i, R ik 15
2% iR B30 Sk RE D HOR B 2 M B L 35 31 IDA
TR B R AR SRS TR HEAT IDA 43
Mr it 35 16 4% K SR 2t 37 40 55 51, 706 Tk 58 s 1] ) 48 5
R BGGR (5) AT BT, 43 M A7 HEOR S A 75 28 37 1 7
PE AR 1k A 45 401 43 DR A5 10 T 58 B i), BOEG - 5 45
MBI 5 ETM 4381 45 5 00 o 47 (8 3 15 % L, B 58
ETM 7E K 5 3% £ W4 1 25 44§07 vk 58 P Ak o Rz
(AT AT M A RO S e o AR SCRACA B AR R R
WA Y (JTG/T 2231-01—2020)"" )z v ik H



314 £ I N - 7 55 37 &

BRI R R F 10 km, I\ PEER B 16 20080 B 1 45 26 8 370 M2 30 2 ) 8 B I 7 2
KL Esh . 16 KR s G B R 5 iR . YA S R i 55 0090 3% 0 X6 He An P 14 BT s .

x5 16FZHMEHER

Tab.5 Characteristics of the 16 far-field ground motions.

7 Hh 7= 4 AR Bl =51 PGA/g
1 Friuli-Italy-01 Tolmezzo 6.5 0.35
2 Imperial_Valley-06 Delta 6.5 0.24
3 Superstition_Hills-02 El_Centro_Imp._Co._Cent 6.5 0.36
4 Loma_Prieta Capitola 6.9 0.53
5 Northridge-01 Beverly _Hills-14145_Mulhol 6.7 0.42
6 Northridge-01 Beverly Hills-14145_Mulhol 6.7 0.52
7 Kobe-Japan Nishi-Akashi 6.9 0.51
8 Kobe-Japan Nishi-Akashi 6.9 0.50
9 Kocaeli-Turkey Arcelik 7.5 0.22
10 Kocaeli-Turkey Arcelik 7.5 0.15
11 Chi-Chi-Taiwan CHY101 7.6 0.35
12 Chi-Chi-Taiwan CHY101 7.6 0.44
13 Duzce-Turkey Bolu 7.1 0.73
14 Duzce-Turkey Bolu 7.1 0.82
15 Hector_Mine Hector 7.1 0.27
16 Hector_Mine Hector 7.1 0.34
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Longitudinal seismic performance of long-span continuous rigid frame

bridge using endurance time analysis

HUANG Jia~dong"®, TAN Ping"*, ZHANG Yun', ZHOU Fu-lin"*
(1.School of Civil Engineering, Guangzhou University, Guangzhou 510006, China;
2.Key Laboratory of Earthquake Resistance Earthquake Mitigation and Structural Safety Ministry of Education,
Guangzhou University, Guangzhou 510006, China; 3.Guangzhou Municipal Engineering Group Co., Ltd., Guangzhou 510060,
Chinaj; 4.Guangxi Beitou Highway Construction and Investment Group Co., Ltd., Nanning 530029, China)

Abstract: An efficient and accurate evaluation of the seismic performance of long-span continuous rigid frame bridges using a sim-
plified method is essential in the design and strengthening of such bridges. As a simplified method to evaluate the seismic perfor-
mance of bridges, the endurance time method can be used to simulate the whole process of bridge from intact to collapse with non-
linear time history analysis only once. In order to study the applicability and accuracy of the endurance time method in evaluating
the longitudinal seismic performance of continuous rigid frame, this paper investigated a long-span continuous rigid frame bridge
with corrugated steel webs. Three acceleration time-history curves were generated based on the design response spectrum of China
highway bridge seismic code. In addition, 16 natural ground motions were selected for incremental dynamic analysis. The seismic
response characteristics of continuous rigid frame with corrugated steel webs were compared and studied. The seismic response
characteristics of continuous rigid frame with corrugated steel webs were comparatively studied by endurance time analysis method
and incremental dynamic analysis. Research results demonstrate that the endurance time analysis method results are within the enve-
lope of the incremental dynamic analysis results. The time-history analysis results are within the envelope of the incremental dynam-
ic analysis results. The median value of the endurance time analysis method has an allowable error with the mean curve of incremen-
tal dynamic analysis. Therefore, Endurance time analysis method can be used to evaluate seismic performance of the long-span con-

tinuous rigid frame bridge.

Key words: continuous rigid frame bridge ; seismic performance ; endurance time method ; incremental dynamic analysis

Ve B WA (1988—), B LW 5E 4 . E-mail: jdh1228@163.com.
BWAEE: W 7 (1973—) 3 Wi+ M58 bt o E-mail: ptan@gzhu.edu.cn,



