44 3 ( ) Vol. 44 No. 3

2016 3 JOURNAL OF TONGJI UNIVERSITY(NATURAL SCIENCE) Mar. 2016
: 0253-374X(2016)03-0333-08 DOI:10. 11908/j. issn. 0253-374x. 2016. 03. 001
’ ’ ’
( . s 200092)
) hysteretic damper; fragility analysis; damage indices
. b
, ; : (D)
N ’ ’ N ’
’ b b
’ b
' 3 (2)
b
’ ’ ’ . .
3 b
: Ud42.575 : A
b ’

Fragility Analysis on Transversal Isolation System for

Outer Piers of Long Span Bridges

WANG Xiaowei, YE Aijun, SHEN Xing, PANG Yutao

(State Key Laboratory for Disaster Reduction in Civil Engineering.,

[

Tongji University, Shanghai 200092, China) ’

Abstract: In common design of long span bridges, dead load , ,
on outer piers was much smaller than that on inner piers. As a

result, under seismic excitation, energy dissipation for friction

pendulum bearings on outer piers was not effective. In this [2-0]

regard, a new transversal isolation system consisting of a '
hysteretic damper and sliding bearing was proposed. After
that, the effectivity of this system was validated by a modern
steel trussed arch bridge using fragility function. Displacement
of sliding bearings, bending moment of outer piers and stress . .
on the arch springing were taken as the engineering demand

parameters. Cloud method was applied to build the

probabilistic demand seismic model. The generated fragility

curves show that the proposed transversal isolation system

performs quite well under potential earthquakes.
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Fig.2 Schematic of the proposed isolation system of the bridge outer pier and the hysteretic steel damper
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Fig. 3 Numerical model schematic of the T-1-D system and mechanical constitutive of the hysteretic damper and bearings
2.0
3 17| 3 —— RRCHE
2 — HARRATH
3.1 =
| =
(PEER) e B
=2
36 s
4.
()
(PGA7 PGA )9 (PGV’ PVG )9 4
(SH B Fig. 4 Acceleration spectra of selected ground motions

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



3.2
[24
b b b
. PGA ( 3a ‘LZ)
Les] | , (EDP, Ewp ). 36 ,
S. EDP Sp;. 5
, Lz , T-1-D
PGA,PGV P10M (6».P10 (M) P11
, LZ €)) . R?
IM ) . 58 )
’ PGV 5b’5C 7E[)p 87M o.
0 10, N M=0.99 - InPgy +9.53 6. In =088 - InPgy+5.57
| =116 - InPgy—0.87 p=028,R>=0.84 p=0.22, R*=0.85 /
—1f £=0.28, R>=0.88 T 9 % LS ‘
-9 o . = ,°
T E g = " s}
= = b ]
= N = //5’%
—4 £ 7 3r ,,
=5 ol il L L L § 6 ] B L L L " ;
-4 =3 =2 -l 0 1 -4 =3 =1 -l 0 -4 =3 =2 - 0 |
In(Pgy)/(m - s7") In(Pgy)(m-s™") In(Pgy)/(m -s71)
a P10M S (i §6 b P10 #2454 c P11 #Efr4E LZ 8907 57
5 TI-D
Fig.5 PSDMs for different components of the bridge with T-1-D system
3.3 )
3.3.1 . LZ,
DB ’ [} 3.
6 T-I-D 1
1 Tab.1 Damage index definition of bearings at outer
. ’ piers
[23-24] R 2 s
Do aDl sz ,D3 . Dy<<D, . TR !
TR ‘-“".“I"‘l"' e Dy<Dy<<D; '
W JE 28 .,
Dy <<Dp<<D:
W5l
Uik D, <<Dp<<D; ’
Dg>D;s ’

2

Tab.2 Damage index of bearings at outer pier

6
/mm

Fig. 6 Damage index schematic of bearings at outer piers D, 50
Dy 150

3.3.2 . D, 200
Ds 300

; . 3.4
[27]
XTRACT ., C40 . 7 T-I-D T-1

HRB400 ,



338
T-R , P7.P10
9 LZ
P13M
1.0 oeeo9Ree
0.8F
5 % 06l
: :
#® ® 0.4F
0.2
AndmERoEE | . ke o o o e e o o 0
0 10 20 30 40 50 0 10 20 30 40 50
Pgyl(em - s7") Pgy/(cm -s7")
a Feiidi b A
1.0¢

30 40 50
Pgyl(em - s71)

c e E {5

-8 P7_T1;

AP,

=2-PI0A_T-1;

0 10 20 30 40 50
Peyl(em - s71)
d 32 P
-e-PI3M_T-1;

<8 P7_T-1-D; -&-P10A_T-1-D; ~-©-P13M_T-1-D

7 T-I-D

Fig. 7 Comparison on fragility curves of bearings at outer piers between the T-1-D and T-I system under different damage states

1.01
- P7 TR
08[ P10 T-R
;.; gl = P7_T-I-D
0
: eD1D T
g P10 T-I-D
= 0.4
#
0.2
{ AAAGEaaaaaean
0 10 20 30 40 50
Pgyf(em -s7")
8 TR TID

Fig. 8 Fragility curve of the outer pier bottom

3
Tab.3 Damage index of bearings at outer pier
EDP
P10,P13 P7.P16 LZ
50 MN * m 16 MN *« m 370 MPa
3.5
b 7 b

(T-I-D ) T

1.0r
< LZ_T-R
08F &1z TI
9y — L7 TED
% 06 I
=
B
K
0 1 L J
0 10 20 30 40 50
Pgylem - s71)
9 LZ

Fig. 9 Fragility curve of the truss at fixed arch foot

, T-I-D
, 8 T-1-D
, 9 , T-1-D ,
LZ s :@
(T-1-D. T-D (T-R)
; ;@ T
,T-1-D ,



3 s 339
LZ , ,
10 T-R T-1-D P10 N
Northridge (Pgy=0.41g,Ps;y =50 N
cm + s ', USC90003 ) ,
T-R ,P10 s
T-1-D , P10 s
T-1-D
11 T-1-D
P10M [1] ; . Ll
B . 2007, 35(6); 728.
’ LIANG Zhiyao, LI Jianzhong. Research on damper parameters
’ of long-span rail-cumrroad cable-stayed bridge[]]. Journal of
Tongji University: Natural Science, 2007, 35(6): 728.
[ 2] Beck J, Skinner R. The seismic response of a reinforced
concrete bridge pier designed to step [ ] ]. Earthquake
R Engineering &. Structural Dynamics, 1973, 2(4): 343.
= g = TLD [ 3] Roussis P, Constantinou M, Erdik M, et al. Assessment of
= il performance of seismic isolation system of Bolu Viaduct[]].
< Non
% I ll?,lrp‘%li\';l"l‘k\fl\ﬁuﬂkm Journal of Bridge Engineering, 2003, 8(4) . 182.
1nj L e ST e [4] [M].
=
-1y , 2006.
2 " PR st ZHOU Yun. Energy dissipation and isolation design of metal
20 25 30 35 40 structures[ M ].  Wuhan: Wuhan University of Technology
R 1R]/s Press, 2006.
10 TR TID P10 [5] , o -E
Fig. 10 Time history of bending moment at the outer pier P10 L. 12009, 28(7) + 192

bottom between the T-R and T-1I-D system

z
s !
=g =
&
e — B ke
= . i )
-0.4 -0.2 ] 0.2 0.4
i [E) /s
11 T-I-D P10M -

Fig. 11 Comparison on the hysteretic property between P10M

bearing and the damper in T-1-D system

(7]

[8]

[10]

PAN Jin, WU Chengliang, TONG Qiang, e al/. Simulation
and experimental study of E shape steel damper[]]. Journal of
Vibration and Shock, 2009,28(7):192.

[y. : , 2011, 39(6):
148.
LI Pengfei, YUAN Quan, GUO Meng, et al. Experimental
Investigation into Hysteretic Performance of Normal-Strength
Steel Dampers [ J]. Journal of South China University of
Technology: Natural Science Edition, 2011, 39(6) . 148.

[P]. :CN200810204146. 2, 2010-06-23.

WANG Junjie, WANG Zhigiang, ZHANG Xiaotan, et al.
Columnrshaped slidable soft steel damper and its application on

bridges[ P]. China: CN200810204146. 2, 2010-06-23.

[D]. : . 2008.
GAO Fengli. The research on damping mechanism of a new
type steel damper and its function in bridge anti-seismic[ D].

Changsha: Hunan University, 2008.

[D]. : , 2012.

FANG Yuan. Research on typical damage of simple supported
beam bridge during Wenchuan Earthquake and transverse
resistant device[ D]. Shanghai: Tongji University, 2012.
Casciati F, Cimellaro G, Domaneschi M. Seismic reliability of
a cable-stayed bridge retrofitted with hysteretic devices[]J].
Computers & Structures, 2008, 86(17-18): 1769.



340
[11] Padgett J, Desroches R. Methodology for the development of [19] s s [M].
analytical fragility curves for retrofitted bridges[ J]. Earthquake , 2001.
Engineering & Structural Dynamics, 2008, 37(4); 1157, XIE Kexin, HAN Lixing, LING Youlian. Optimal
[12] PadgettJ, DesRoches R. Retrofitted bridge fragility analysis for methodology[ M]. Tianjin: Tianjin University Press, 2001.
typical classes of multispan bridges[ J]. Earthquake Spectra, [20] CSIL. Sap 2000: V14. 1—Static and dynamic finite element
2009, 25(1): 117. analysis of structures| Z]. Berkeley: Computers and Structures,
[13] Zhang J, Huo Y. Evaluating effectiveness and optimum design Inc. (CSD, 2009.
of isolation devices for highway bridges using the [ragility [21] . JTG D63—2007
function method[J]. Engineering Structures, 2009, 31(8): [s]. : , 2007.
1648. The Ministry of Transport of the People’s Republic of China.
[14] Baker J, Cornell C. Vector-valued ground motion intensity JTG D63—2007 Code for design of ground base and foundation
measures for probabilistic seismic demand analysis [ R ]. of highway bridges and culverts [ S]. Beijing: China
Berkeley: Pacific Earthquake Engineering Research Center, Communications Press, 2007.
2006. [22] PEER, PEER Ground Motion Database [ DB/OL]. [2014-03-
[15] Billah M, Alam S. Seismic fragility assessment of highway 26]. http://peer. berkeley. edu/peer ground motion database.
bridges: a state-of-the-art review [ J ]. Structure and [23] Mackie K, Stojadinovié¢ B. Performance-based seismic bridge
Infrastructure Engineering, 2015, 11(6): 804. design for damage and loss limits states [ J]. Earthquake
[16] . JTG/T B02-01—2008 Engineering &. Structural Dynamics, 2007, 36(13): 1953.

[17]

[18]

(sl : , 2008.

The Ministry of Transport of the People’s Republic of China.
JTG/TB 02-01—2008 Code for seismic design of urban bridges
[S]. Beijing: China Communications Press, 2008.

, , . Lyl

, 2014, 33(21):96.

SHEN Xing, Ni Xiaobo, Ye Aijun. Research on metallic
damper for bridge in transverse direction [ J]. Journal of
Vibration and Shock, 2014, 33(21): 96.
Skinney R I, Tyler R, Heine A, er al. Hysteresis Dampers for
the Protection of Structures from Earthquakes[J]. Bulletin of
New Zealand National Society for Earthquake Engineering.
1980, 13(1). 22.

[24]

[25]

[26]

[27]

Padgett J, Nielson B, DesRoches R. Selection of optimal
intensity measures in probabilistic seismic demand models of
highway bridge portfolios [ J]. Earthquake Engineering &.
Structural Dynamics, 2008, 37(5): 711.

Bazzurro B, Cornell A. Seismic Hazard Analysis of Nonlinear
Methodology [ ] 1.

Engineering, 1995, 120(11): 3320.

Structures. 1. Journal of Structural
Wang Z, Padgett J, Duenas-Osorio L. Influence of vertical
ground motions on the seismic fragility of a bridge-soil-
foundation system[ J]. Earthquake Spectra, 2012, 29(3) . 937.
XTRACT. Crosssectional Structural Analysis of Components,

Ver. 3.0.8[Z]. Sacramento: Imbsen and Asociates II, 2009.



